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PREFACE TO FIRST EDITION 


Tms book is a compilation of carefully selected methods of 
technical analysis that have proven of practical value to the 
professional chemist. The sabjects have been presented with 
sufficient detail to enable one with an elementary knowledge of 
analytical processes to follow the directions; on the other hand, 
lengthy exposition, theoretical dissertation and experimental data 
are purposely avoided, in order to include a large amount of in- 
formal ion in a compact, accessible form. References to original 
papers rire given wlien deemed advisable. 

For methodical arrangement the material is grouped under 
three major divisions -Part I. Quantitative determination of the 
elements. Fart IT. Special subjects. Part 111. 'Fables of infor- 
mation. 

Tn the first division the elements are generally taken up in 
their alphabetical order, each chapter being fairly complete in 
itself, cross-references being given to certain details included 
elsewhere to avoid repetition. For examj)le, the complete di- 
rections for separation t)f the halogens are given in the chapter 
on chlorine, and references to these details are given in the chap- 
ters dealing with the other members of this group. Occasionally 
it has been deemed advisable to ])lace several related elements 
together in the same chai)ter. 

Each chapter on the elements is generally arranged according 
to the following outline: 

Physical Properties. Atomic weight; specific gravity; melting- 
point; boiling-point; oxides. 

Detection. Characteristic reactions leading to the recognition 
of the clement. 

Estimation. The subject is introduced with such information 
as is useful to the analyst. 

Preparation and Solution of the Samples. TIcrc directions are 
given for the j)rcparation and decomposition of characteristic 
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materials in which the element occurs. Recommendations to the 
best procedures are included to assist the analyst in his choice. 

Separations. This section is devoted to procedures for the 
removal of substances, commonly occurring with the element, 
that may interfere with its estimation. In the absence of sucji 
substances, or in case methods are to be followed by which a direct 
estimation of the clement may be made in the presence of these 
substances, this section on separations may be omitted in the 
course of analysis. Here the discretion of the chemist is necessary, 
and some knowledge of the substance examined essential. 

Methods. The j)rocedures are grouped under gravimetric and 
volumetric methods. Several j>rocesses are generally given to 
afford the opportunity of selection for particular cases and for 
economical reasons where special reagents ma\’ not be available. 

In many of the chapters methods for determining traces of 
the element are given, and the subjects are concluded by tyi>ical 
examples of complete analysis of substances containing the elements. 

The titles to the procedures generally give a clue to the processes. 
Names of originators are occasionally retained where common 
usage makes the methods generally known by these. 

Although the eombined acid radicals are taken up wdth the 
elements to which they may be assigned, a chapter is devoted to 
the more important of the acids in their free state, and is j)laced 
with the other special subjects in the second division of the book. 
Here are fouml chapters on water, paint, oil, alloys, coal, cement, 
gas, and such subjects as are best classed in sections apart from 
simple substances dealt with in the first portion of the work. 

The last portion of the book is devoted to tables of the more 
important arithmetical operations, 'fhese are designed to assist 
the analyst to greater accuracy of calculations, as well as to relieve 
him of needle.ss expenditure of time and energy. 

The material herein included has been carefully selected, an 
effort having been made to obtain the more trustworthy methods 
that .will meet the general needs of technical chemists. For guid- 
ance in making certain selections and for information of value to our 
work, we are indebted to the standard works of K. M. Fresenius, 
F. A. (jooch, K. P. Treadwell and W. T. Hall, A. H. Low, J. W. 
Mellor, J. C. Olsen, F. A. Sutton, K. Thorpe and others, as vyj'C-ll as 
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to the current chemical literature. All unpublished procedures 
appearing in our book have undergone thorough test and have 
proven worthy of a place among standard methods. The col- 
laborators are aware of the limitations of analytical processes and 
will gladly welcome criticism of the procedures, and suggestions 
that will enable us to imjirove the work. 

The editor wishes to acknowledge his indebtedness to those 
cooperating with him in the co ipilation of this volume. 'I'he names 
of these appear in the table of contents, as well as on the title 
pages of their respective chapters. For useful suggestions and 
information of value to this work, or for assistance in reviewing 
manuscript or proof we express our appreciation of Dr. F. A. 
Gooch, Mr. W. C. Ferguson, Mr. W. S. Allen, Dr. Allen Rogers, 
Mr. L. E. Barton, Mr. 'F. 'F. Gray, Mr. W. G. Derby, Mr. A. W. 
Betts, Mr. N. F. llarriman. Dr. E. Bedtel, Mr. W. F. Doer- 
flingcr, Mr. J. M. Cratty, Mr. B. S. Clark and others, mention of 
whom is made in the text. We would make sjiecial .mention of 
Dr. John C. Olsen for his review of the entire manuscript and 
lor many valuable suggestions, which are incorijorated in the 
work. We wish to express our high appreciation of Dr. Frank 
E. Hale for his invaluable assistance in reviewing proof and for 
his contributions. 

A list of the majority of publications consulted is given in 
alphabetical order in the appendix of this volume. Reference to 
these authorities will be found throughout the book. 

W. W. Scott. 

Nkw York City, 

JtiniiJiry, 11)17. 



PREFACE TO SECOND EDITION 


The demand for a second edition of Standard Methods of**. 
Chemical Analysis within six months of the issue of the first has 
made it impractical to attempt any drastic revision of the work. 

A few errors appearing in the first edition have been corrected and 
some changes made in descriptive portions of certain methods. 
Several useful tables have been added to the data in Part III. 

The Editor trusts that the lx)ok will continue to find favor with 
those desiring reliable information in the field of its survey. 

Wilfred W. Scott. 

Gkantwooi), N. J., 

.SeptenilMjr, 1917. 


PREFACE TO SECOND EDITION, REVISED 

The approval of the chemical fraternity of the selection and 
arrangement of the material in this volume is, exceedingly gratifying to 
the contributors. In this edition a few slight changes and additions 
have been made, notably in the chapters on Cement, Acids, and Alloys. 
The Editor wishes to express his indebtedness to those who have kindly 
called his attention to misprints in the .second edition. He would speci- 
ally mention Mr. L. E. Salas for his careful review of the entire work 
and his many helpful suggestions, and Mr. W. B. Price for his revision 
of the chapter on Alloys. 

Gkantwood, N. j., 

June, 1918. 


W. W. Scott. 
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manganate and iodide methods, 195, 196. Colorimetric methods — i)roccdures of 
Prister, Casscl, Moir, 197, 198. Preparation of proof gold, 198- 

IODINE 

^ Wilfred W. Scott 

Detection— element, free iodine characteristics, iodide, iodatc, 200. Estimation — 
occurrence, 200. Preparation and solution of the sample, iodides of silver, copper, 
mercury, lead, etc., iodates, free iodine (commercial crystals), iodine or iodides in water, 
organic 8ul>stances, minond phos])hates, 200, 201. St'paralions-- iodine from heavy 
metals, from bromine <*r from chlorine, sc^paration from chlorine and bromine — palla- 
dous iodide method, 202, 203. Gravimetric metliods — prinapilation of silver iodide, 
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dcternjiimtiou ns jmlI:ulous iodide, 20.'{ Wilunief ric inrthods — Iiyilriodic- iicicl and 
iodides hy thiosulphate or ))y arsenife titration, decomposition l>y ferric salts, decom- 
position with potassium iodatc, nitrous acid jnethod of Fn'senius, liydro^cii jH'roxide — 
phosphoric acici method, clilorino metho<l of Mohr, \'olIiards method, 20;i 207. 
Deterni illation of iodates, perioda(<*s, and iodates with periodates in a mixture, 208, 209. 

IRON 

WjLKItKO \V. Sf^olT 

Detection — ferric iron, J»y<lro(*hJoric ac*i«l solii1ir)n, siiJphocyanate, ferrocyanide, 
salicylic acid, sodium per(»\ide tests; distinction hetwecai lerrous and ferric salts, 210, 
Estimation — oceurnaice, 210. IVeparat i<m and solution of lh«‘ s.ainplc^ - -solubilities* 
soluble iron s.alts, sul;)hid(' and oxide* or(*s, iron ore* briijui'tle*';, silicate's, iron ami steel, 
211,212. f iravimet rie? me'tliods - eleterminatiofi as oxide*, Fe'-fb; C^ipferron iiiethoel, 
21^1, 211. Volumetrie; methods p'neral e'emsidea-ations, by oxielation, the* iron Iiavin^ 
be*en re'eluced -titratie)n with ))e)tassinni dicliromale*, ]K)tassiuin iM'rinan^anate*, Jom*s 
reeluctejr inetlioel, 21 I 221. Stanmais chloride* method for dete*rmininj^ ferries iron, 
221. Colorime'f rie*. methexls for detorniiiiinji; small amounts of iron — with sul- 
jdiocyanato, with salie* 3 'hc acid, 222, 22.‘b lVe*huical analysis of iron and ste'ed - 
W'ith specificat ions of Ilahhvin Lejeamiofivo Weirks. Inlroehiction; pn*paratioii of 
the sample, eombiiu*<l or earbide carboii-eoleirimetrie nudhod, sfieciflcations for 
combined carbon; teital (*arbon by eombustion; graphite in ire)n; manganese hy 
persulphate method, lead oxide procedure of J)(\shc*y, m(*thod by XT. S. Bureau of 
Standards — manganese by the Bismuthate method; specifications for manganese; 
determination of phosphorus by the alkalimetric and molybdate methods; specifica- 
tions for phosphorus; determination of sulphur by the evolution method; method by 
the U. S. Bureau of Standards; spc'cifications for sulphur in iron and steel; determi- 
nation of silicon, rapid foundry method, method by the U. S, Bureau of Standards; 
specifications fur silicon in iron and steel, 223 232. 

LEAD 

Wilfred W. Scxitt 

Detection — hydrochloric acid test, liydrogen sulphide test, confirmation of tests, 
233. Estimation — occurrence, 233. Preparation and solution of the sam]>le — sol- 
ubilities, decomposition of ores, minerals of l(iad, iron jnTites, alloys, 234. Separations 
’ — isolation of lead as sulphate, sei)aration from barium, isolation as lead chloride, 
ammonium acetate extract ion of lead from the impure sulpliatc, 23fi. Gravimetric 
methods — doterininalion of l(*ad as sulphate, as chromate, as molybdate, electrolytic 
determination as jicroxide, PbOa, 23(5- 238. Volunic*tric mc*thods — ferrocyanidci method, 
molybdate mctliod, 238-240. Determination of small amounts of lead — gravimetric 
methods —by ammonium acetate extraction, I>y^ occlusion with iron h 3 ’droxi<l(j, Seeker- 
Clayton inclhod modified; colorimetric estimation, 241-247. Analysis of metallic 
lead, method of the National Lead Company, modified, 248-252. 

MAGNESIUM 

Wilfred W. Si:ott 

Detection — general procedure, test witli baryta or lime w'^atcr, 253. Estimation — 
occurrence, 253. Preparation and solution of the sample — solubilities, general pro- 
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ceduro for ores, 25 L Sepanitions— roiriovni of nieinbers of tiu; liydro^cn sulphide 
group, nriinioniurri sulphide group, separation from the alkaline earths, 25 1. Clravi- 
nictrie d(*1erniinatiou hy preeij)itation as aimiioniuiri magiii*siuin jdiosphate, 255. 
Volunietrie detenniuatiori l)y titration of anirnoniiim tnagnesiuiri phosphate with stand- 
ard acitl, 25G. 


MANGANESE 

W. Scott 

Deleetion — geiuTal procc'diire, inangaiiest^ in soils, juiiuTals, vegetables, ete., 
borax test., sodium earlxmate and nitrate t«‘sls, 257. l^stirnation (xaMirnuiee, 257. 
IVejKiratiou and solution of the sain|)le -s<jlululif i('s, ih^eomposit ioii of or(»s, sulphides, 
slags, iron ores, alloys, mangani'se bronze, fern)-1 ilaniuni alloy, ferro-ehroinium, 
inetallie eliroiniuin, f(*rro-alun)inum, vanadium aIlo\s, molybdenum alloys, tungst(ui 
alloys, siIi<‘ou alloys, iron, steed and pig iron, 25S, 251). S(‘parations remt)val of the 
inemb(*rs of lla' liydrogiai sulphidi' grou]), sej)ara1ion of mangain'se from the alkalim* 
earths and tlx' alkalic^s, from nicked and cobalt; basic acelal(‘ method for nunoval of 
iron and aluminum; isolation of manganese as the tlioxide, ]\Iii(b, 2(>l)-2ti2. (Iravi- 
metric method- determination as mangaiu'se ])y ro|)hosphate, 2112. \’olunudrie 
methods- ])isniuthate method, juocedun* of Volhanl, ammonium persulphate eolori- 
incdrie nuMhod, oxidation of manganese Avith oxides of ](\‘id, 2tk‘^ -2t)S. Analysis of 
spiegid iron for manganesi*, 2t»S. 

MERCURY 

^\'lLKl{l:I> W . Scott 

Detection -general |)roce<lures, 270. lOstimation -occurrence*, 270. Preparation 
and solution of the sam[)lc* ■-solui)ilities, dfM’oin]>osit ion of ores, 270, 271. S(‘paralion.s 
— nanoval of mercury in pn*senc<‘ of iiHMiilM^rs of the ammonium sulpliidc*, ammo- 
niiim earb(»natc and soluble* groups; se*paration of nit*re*ury from arse*nie, antiinemy, 
tin, leael, bismuth, coppe*r, cadmium, sele‘niuni, tellurium, organic substances, 271. 
Gravimetric, methods - -i)re*cipitatie)n as sulphide, dete»rmination liy electrolysis, Hollo- 
way- Eschka process, 272” 274. Volunietrie; jiroeess by Se^amon's method, 274. 

MOLYBDENUM 

WiLFKKD W. Scott 

Detection — general procedure, sodium thiosulphate test, sulphur dioxide test, 
phosphate test, detection in min<‘rals, characteristics of molybdenite, 275. Estima- 
tion — occurrene*e, 275. Ihvparatiem and solution of the samide — solubilities, decom- 
position of ores, stend and iron, 270. 8eparatinns— meJybdenum from iron in iiresence 
of large amounts of iron, se'paration from the alkalies, alkaline^ earths, leael, copper, 
cadmium, bismuth, vanadium, arse'iiie*, ])hosphoric aciel, titanium and tungsteMi, 276, 
277. Gravimetric methods — precipitation as lexad molybdate, deterniinatiexi as oxide, 
M 0 O 3 after prccijiitating with nuTeurous oxiele, determination as sulphide, 278, 279. 
Volumetric methods — iexlomeitrie; roduidiou nic;thexl, estimation by reduedion with 
Jones reductor and siil)se(|uent perrii:inganate; titration, determination of molybdenum 
and vanadium in a mixture; of the two, 280-282. 
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NICKEL 

L. Savkm., Ph.n. 

Itesrnrch Chemist^ Doloro Mining and Rctluriion Company 

Dot oc( ion — K<'*i<'>****i (iiinolliylKlyoviino trst, Jilphii iM'iizildioxiino tost, 

28.3. Kstiniid ion, 2Sl. Propiind ion and solution of tho salnpl(^ solubilitios, p:onoral 
prooodiiro f«)r doooinj)osirjji; ores, fusion inetluids, solution of inotallie nickel and its 
alloys, 2S1, 28.^. Sej)arations — ainnioniuni siil))hide group from hydrogen sulphide 
and from the alkaline earths and alkalies; separation of nickel from cobalt, manganese, 
zinc, iron, aluminum, chromium, 2S.5, 2S(k Clravimetric methods — preciyntation of 
nickel by al|)ha luui/ildioximc, precipitation by dimethylglyoxirne, electrolytic deposi- 
tion of nicke*!, jiickt*! in metallic nickel, in cobalt and cobalt o\id(', 2St)-29l). Volu- 
metric determination of nickel in alloys, determination in nick el-] dating solutions, 290. 

NITROGEN 

Wii.FHKn W. 

Defection- organic nitrogen, nitrogcMi in gas mixtures. Ammonia, free and com- 
bined, t<‘sts f<ir. Nitri<! acid —b'rrous sulphate test, dii>hc‘nylamin(' test, copper test, 
fdienolsulphonic acid i<\st. l)r‘t(‘ction of nitrous acid — by acetic acid, by potassium 
permanganate, 291,292. Kstimation— f>ccurrence, com])osition of air; free nitrogen, 
total nitrogen, eoinbine<l nitrogcai, 292, 29.3. Preparation of the sainph* -orgaiiie 
substances — method in absemee of Tiitrates, method in presence of nitrates; soils — 
avail:fl)le nitrate, ammonium salts, nitrates, nitrit(‘s, mixtures of ammonium salts, 
nitrates and nitrites; nitric acid in mixed acid, 293-29.5. Sopanit ions -ammonia, 
nitric ac*i«l, removal of nitrous, chromic, hydrobromic and hydriodic aeids, 295, 290, 
Procedures for thi‘ <letermination of eonibined nitrogen — ammonia — gravinadric cleter- 
mination of ammonia- by preeipitatioii as ammonium platinoehloride, 290. Volu- 
metric methods— analysis of aqua ammonia, eombincfl ammonia in ammonium salts; 
analysis of aninioniaeal liquor- ammonia, carbon dioxide, hydrochloric acid, hydro- 
gen sulpliide, siiljdmric acid; determination of traces of ammonia (ref.), 290-299. 
Nitric acid — gravimetric determination by precipitation as nitron nitrate, 299, Volu- 
metric methods — tliroct estimation of nitrates by reduction to ammonia by the Allen- 
Devarda method, 300. Analysis of nitrate of soda— moisture, insoluble matter, sodium 
sulphate, iron, alumina, lime, magnesia, sodium chloride and carbonates, 303, 304. 
Nitric nitrogen in soil extracts by Vnmari-Mitscherlich-Dcvarda method, 304. De- 
termination of nitrogen of nitrates and nitrites by means of the nitrometer — general 
procedure, * DuPont nitrometer method, 305-309. Determination of nitric acid in 
oleum by DuPont nitrometer method, 309. Combined nitric atdd (reference to ferrous 
sulphate method), 209. 

PHOSPHORUS 

WlLFHED W. SeOTT 

Detection — element, acids — hypophosphorous, phosphorous, orthophosphoric, 
metai)hosphoric, pyrophosphoric, romi>arative table, 310, 311. lOstimation — oecur- 
renee, typical ores, 311. Preparation and solution of thesamjde — iron ores, phosphate 
ro(*ks, minerals, iron and steel, ores with titmiium, soluble phosphat^es, baking powder, 
etc. Precipitation of ammonium phosphomolybdate, 312-314. Gravimetric methods 
— direct weighing of ammonium phosphomolybdate, deiermination as magnesium 
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pyrophosj)hat('; diroct precipitation of magnesium ammonium j)hosphate, .*^14 .‘iKi. 
Volumetric methods — by titration with an alkali, 1 ) 3 ’' titration of the rethiced molyb- 
date with j)otassium permanganate, 31()-31S. Plios])hatc rock analysis — (tentative 
iiiethods of the committee on standard methods), sampling and deterniinatio!i of mois- 
ture, i>hosphoric acid, iron and aluminum phosphates, iron, 319-323. 

PLATINUM 

Hk(ji\ali) K. Hickman 

Chief Chvmht, ./. Biaiutp and Company Pltttinam IPerA’s 

Detection “general characteristics, tests with potassium iodide, h.vdrogen sulphide, 
ammonium chloride, potassium chloride, ferrous sulphate’, stannous chloride, oxalic 
acid, sodium h 3 ’droxide with gl.vccTine, formic aci<l, etc., 324, 325. Estimation — 
characteristic substances containing platinum, 325. J^reparation and solution of the 
sample — solubilities, decomposition of ores, platinum scrap, substances containing 
small amounts of platinum, 325-327. Separatioas — platinum from gold, from iridium, 
palladium, ruthenium, rhodium, osmium, 327, 328. Gravimetric methods — ^weighing 
as metallic platinum, weighing as a salt, electrolytic method, 328, 329. 

RARER ELEMENTS OF THE ALLIED PLATINUM METALS 

Reoinald E. Hickman 

Ihidicm. — D etection — tests with caustic alkalies, ])otassium chloride, ammonium 
chloride, hydrogen sulphide, metallic zinc, formic and sulphurous acids, 330. Estima- 
otin. Preparation and solution of the sample, 330. Separations — iridium from plat- 
inum, 331, Gravimetric methods, reduction with zinc, ignition of the ammonium 
salt, insol ul)lc residue, 331, 332. 

PalladiI'M. — D etection — tests with alkalie.^ ammonia, mercuric cyamMo, y)otassiuni 
iodide, hydrogen sulpliide, etc., 332, 333. 10.sfimation — Preparation and solution 
of the sample. Separations palladium from platinum and iridium, from silver and 
gold, 332, 333. Gravimetric^ methods, 333, 334. 

Rittiienii’M. -Detection -potassium hydroxide*, hydrogen sulphide, ammonium 
sulphide, mc'tallic zinc, 331. E.stimation — Preparation and .solution of the .sam[)le. 
Separation.s — ruthenium from ])latinum, from iridium, from rhodium, 334, 335. Gravi- 
metric methods, S.'k). 

RiionirM. -Detection -tests with hydrogen .sulphide, p()tas.sium liydroxide, am- 
monium hydroxide, i)ota.ssium nitrite, rc'ducing agents, 330. Estimation — Prepara- 
tion and solution of the sample’. Sep.irations rhodiun. from jjlatinurn, from iridium, 
from ruthenium, 33(1, 337. Gravimetric methods, 337. 

OsMii M. -Detc’ction — characteristics, tests with hydrogen sulphide, pota.ssiurn 
hjMiroxidc’, ammonium hydroxide, rc*ducing agents, 337, 33S. Estimation — F’repara- 
tion and .solution of the .sample. (Jra vimetric methods, 33S. 

Analysis of* Platinum Ores, 339. A.s.say Methods for Platinum Ores, 3 40. 

POTASSIUM, SODIUM AND OTHER ALKALIES 

W. H. Hicks, Ph.D. 

Astrinttnif Chemislj V, S. (ieoloyiral Survey 

Detection — Scxliiim, 341; lithium, 312; rubidium and cie.siuin, 342. Rstiiriation, 
343. Preparation and solution of the .sam])lo — procedure for rocks and other iiLsolublc 
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iiiiiKTal jt^rodi^ts, proecdure for soils, fcTliJizt'rs, organic? roinpoiinds, ash(‘s of plants, 
saline residues, solulde salts ainl hriiu^s, 34.*1, ;{44. Separations — alkali metals from other 
eonstituents— hydroj^en sulphide and ammonium sulphide groups of metals; separa- 
tion from siliea; from iron, ahimina, ehromium, titanium, uranium, i)hosi)horie aeid; 
separation from sulphatcvs; from barium, ealeium, strontium; separation from iron, 
alumina, chromium, barium, ealeium, strontium, phosphates, sulphates, etc., in one 
operation; separation from borie aeid; separation from magnesium — mercuric oxide 
method, barium hydroxide mt4hod, ammonium phosphate method; separation of the 
alkali metals from one another — separatum of sodium from potassium; lithium from 
sodium and potassium; lithium and sodium from potassium, rubidium and ea'siurn, 
344-»147. Methods for the dc'terminat ion of sodium— as sodium chloride, as sodium 
sulphate, differenee method, .‘14S, 319. Methods for the determination of potassium — 
as ehloroplalinate, modified chloroplatiiiate method, Lindo-Cladding method, per- 
chlorate method, other methods, 349 352. Determination of sodium and potassium 
by indirect method. Determination of magnesium, sodium and potassium in presence 
of one another, 352. Methods for determining lithium — determination as lithium 
cliloride, as lithium sulphate, Goo(;h method, llammelsbcrg method, spectroscopic 
method, 853, 354. Determination of sodium, potassium, and lithium in the presence 
of one another. Determination of the alkalies in silicates by J. Lawrence Smith 
method, 355. Hydrofluoric method, 356. Determination of the alkalies in alunite, 
356. Volumetric methods, 357. 

SELENIUM AND TELLURIUM 

Wilfred AV. Scott 

Detection — general procedure; detection of selenium —tests with sulphuric and 
hydrochloric acids, barium chloride, hydrogen sulphide, detection of tellurium-fusion 
test, tests with hydrogen sulphide, potassium iodide and reducing agerit.s, 35fS, 359. 
Estimation — occurrence of selenium and tellurium, 359. Preparation and solution of 
the sample, selenium and tellurium solubilitic.'^, decomposition of ores, 360. Separa- 
tions — selenium and tellurium from the iron and zinc group metals, from alkalies and 
alkaline earths, from cadmium, copper and bismuth, separation from silver and gold, 
separation of selenium from tellurium by clireet proeipitatioii and by distillation 
methods, 260 -262. Estimation of the two elements by the distill.ation separation, 
362, 303. Clravimetrie methods — determinatifiii of selem’um by precipitation with 
sulphur dioxide, potassium iodide reduction method, precipitation of tellurium by 
sulphur dioxide, determination as tellurium dioxide, 264, 265. Volumetric methoils — 
iodometric method for sclenic and telluric acids, 265. 

SILICON 

AVilkued AV. Scott 

Detection, 367. Estimation — occurrence— solubilities, 367, 368. Preparation and 
solution of the sample -general considerations, i^reparaiion of the substance for decom- 
position, general proctMhiro for decoinjm.sing the material, silicates not decomposed bj^ 
acids — carl)onate fusion, fluorides; special procedim s for decomposing the sample — 
ferrosilicons, steels containing tungsten, ehromium, vanadium and molybdenum; 
silicon carbide, carborundum; sul|)hidps, iron pyrites, slags and roasted ore.s, 3(>8 -371. 
Procedure fur deterinin.ation of silicon and .silica, 372. Analysis of silicate of soda, 
373. Analysis of sand, commercial valuation, 374. 
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SILVER 

Wallai’k Cl. Dkkhv 

Rvsntrrh ("hnninty N ichola Copper CooijHiny 

Detc'otion — \vt‘t TJU'tlunl, silver Hiloriile, ehanieferisties, sinulry tests, ;j7o, ;57(). 
Kstinijition- j)relimiriary considerations, solubility, furnace methods, .’570. Gravi- 
metric methods — determination as silver chloride, as cyanid(‘, eh‘ct rolytic method, 
37t), 1577. Volumetric methods — thiocyanate procedure of X'olhard, ( Iny-Lussac 
method, combination rnetliods, Denige’s cyanide method, miscellaneous volumetric 
methods, nephelometric method, .’57S .‘5SL Preparation of pure silver, .‘5Sl. 

STRONTIUM 

WlLFKKD W. iSc<rrT 

Detection — sodium sulphate test, flame test, sf)€H*tra, 1587. Estimation — occurrence 
and uses, 1587. Pr(‘paration and solution of the sample — solu!)ilities, 3SS. Separations 
— strontium from magnesium. alkalic‘s, calcium and barium, 1588. Gravimetric methods 
-determinat ion as suljdiate, carbonate, oxide, 389. Volumetric methods — alkali- 
metric, indirect method — chloride titration with silver nitrate, 389, 390. 


SULPHUR 

W'lLFKKD \V. Sc'OTT 

Detection — eh'ment: sulphides sulphates, .sulphites; thiosulphates, 301. Esti- 
mation -occurrence'— (‘Icment, sulphur dioxide, hydrogen sulphide, sulphitle ores, 
sulphate orc's. Prclimiiuiry considerations, 392. Preparation and solution of the 
sample — solubilities — element, .sulphide, .sulphate, thiosulphate, sulphite; decompo- 
sition of .sulphur ores; .sulphur in coal by Eschka’s method; .sulphur in rocks, silicates 
and insoluble .sulphates, barium and lead sulidiates, 292-294. S('[)arations — sub- 
stances containing iron, separation of sulphur from metals forming an in.soluble 
sulphate, nitrates and chlorates, silica, ammonium and alkali salts, 391, 39.5. Gravi- 
metric determination of sulphur — precipitation as barium sulphate, general con- 
siderations, precipitation from hot solutions, precipitation from cold .solution.s — 
large volume, standard method pf the General Chemical Company, 395-398. 
Evolution method for sulphur in steel, ores, cinders, .sulphides and metallurgical 
products, 398. Combustion method for evaluation of sulphide ore.s, 402. 
Volumetric methotis for determining soluble sulphates — determination of sulphur 
by Wildenstcin’s method and by llinman’s method. Benzidine hydrochloride 
method, 403-405. Determination of persulphates— ferroas sulphate and oxalic acid 
methods, 400. Determination of sulphur in combination as sulphide.s, sulphites, 
bisulphites, metabisulphite.s, thiosulphate.s, sulphatc.s — available hydrogen sulphide 
in materials high in sulphide .sulphur — iron sulphide, .sodium sulphide, etc.; hydrogen 
sulphide and .soluble sulphides; sulphide and sulphydratc in presence of each other; 
thiosulphate in presence of sulphide and sulphydratc; sulphates and .sulphide.s in pres- 
ence of one another; sulphur in thiocyanic acid and its salts; suljihurous acid free, 
or combined in sulphite.s, acid sulphites, inetabisulphites and thiosulphates — ^gravi- 
metric method by oxidation to sulphate and precipitation as barium sulphate, volu- 
metric methods — iodine titration, acidiirietric and alkalimetric methods; determination 
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of sulphites', Tiiefal>isu1phi(es, thiosulphates, sulphates, ehlorides, and ciarbonatcR m' 
l^eseiiee of one another, *107 tlii. Determination of free sulphur in a mixture, 414. 
aluation f)f spent oxide for total, residual an<1 availaldo sulphur, 414. Analysis of 
moisture, available sulphur, ash, arsenic and chlorine, 415. 

THORIUM 

R. Stuakt Owens 
^ lic.st arrh (^hetnist, A^cw York City 

Detection, ^Ut). I^stiination — oeeurrenei', 4IG. Preparation and •solution of the 
sample — silieatt's; phosphiib^s (moiiazite). 1. Hy fusion with potassium acid sulphate; 
2. Sulphuric acid ext ra«*tioii; oxides, 41 1>, 417. S(*parations from other elements, 417. 
(lravimetri<? iiu'thod for determiniiif^ thorium, 417. JVIinute amounts of thorium by 
Jolly's method, 4 IS. 

" TIN 

Jl. A. TIakkk 

Chief Chemists American Can Ctnnpany 
R. S. ('lakk 

As.sistant Cheinist, Anieruuni Can ('ompany 

Defection of tin, 419. Kstimation — preparation of the sample, opening up tin 
orf's — the cyanide ];roeess, sodium <‘arbonate method, other methods -fusion with 
sodium hydrate', ,redu<*t ion by na'ans of hydrogen, fusion with sodium jieroxide, 419- 

421. Separations general ijrocx'duro, separation of tin from lead, copper, antimony, 
phosphorus, iron and alumina, tungstic acid, 421, 422. (Iravimetric methods — de- 
termination of till or the oxides of tin !>y hydrolysis, determination of tin as sulphide, 

422, 42;i. Richloridc of tin stannic acid method -hot water precipitation; Acker 
process inetlual; determination as sulphide, 424 42(>. Volumetric determination of 
tin — Tjenssen's iodine method as modified by Haker, standard method of the American 
Can Company, 42t). Khaarolytic determination of tin, 4;30. Kstimation of tin in 
canned food products, 430. 


TITANIUM 

WiLFKED W. Scott 

Research Chemist^ General Chemical Company 
L. E. Barton 

Chief Chemist^ Titanium Alloy Manufacturing Comimny 

Detection- tests with hydrogen peroxide, morphine, zinc, sulphur dioxide and 
by fusion with mierocosmic salt, 432. Estimation — occurrence and uj)])lication, 433. 
Preparation and solution of the sam])le — element, oxides, salts of titanium — ^general 
considerations — solution of sti*el, allo3's, ores, titaniferous slags, 433, 434. Separations 
— titanium from the alkaline earths, etc.; separation from copper, zinc, aluminum, 
iron, manganese, nickel, cobalt, 434, 435. Gravimetric! methods — modified procedure 
of Gooch, 435. Determination of titanium in ferro-carbon titanium, 436. Volumetric 
methods — reduction of titanic solution, addition of ferric salt and titration of reduced 
iron with permanganate; reduction of titanic salt and titration with ferric salt, 437-439. 
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CONrKXTR 

C<jlorinMJtric (Ifttornuiialion of tHaniiini \vi(h hytlronoii iktoxkKs ri«! doUr- 

iniuation in steel treated in ferro-earlM)n titanium, (u) tleterininalion of titanium 
insoluble in hydroehloric aeid, {h) iletermination of titanium soluble in hydrochloric 
acid, (c) total titanium; (h'termiuation in presiMice of interfering elements; colon- 
metric determination of titanium with thymol solution. Analysis of titaniferous 
— determination of titanium, silica, alumina, phosphorus. tStaiulard methoils ol 
the 'ritaiiiuiii Alloy Manufacturing Company, 43U-447. 

TUNGSTEN, TANTALUM AND COLUMBIUM 

WlLFUED \\^ St'OTT 

Ti’.no.sten. — Detection — minerals, iron, steid ami alloys, 4 IS. Kstimation 
occurrence and uses, 41t). Solution of the sample- solubilities, decomjiosition of ores, 
acids, minerals, ste<‘l and alloys, steel containing a high percentage of tungsten, ferro- 
tungsten alloys, tungsten bronzes, 449 4.')1. Sejiarations — tungsten from silica, 
separation of tungsten from tin, antimony by 'ralbofs proce.ss, seixiration from arsenii; 
and phosphorus, seiniration from molybdenum by Jlommers process, volatilization of 
molybdenum with dry hydrochloric, a<*i«l gas by Pochard’s j)roce.ss; separation from 
vanadium, titanium, iron, 451 loIJ. Gravimetric procedures -precipitation of tung- 
stic acid, precipitation as mercurous tungstate by lierzelius’ proce.ss, 453, 454. Volu- 
metric method, 454. 

'r.\N'r.\i.i’M AND (.'oi.fMim’M. — Detection, 455. Kstimation — occurrence, applica- 
tion, 455. Solution of the .sainph*- -general jiroeedure, tantaliferous minerals, 4515. 
Separations — i.solation of columbium and tantalum oxides; removal of tin, antimony, 
tungsten and silica, 450, 457. Determination of columbium and tantalum, 457. 

URANIUM 

WiLKUKi) W. Scott 

Detection — general iirocedurt— uranous salt.s, uranyl salts, 458. Kstimation — 
occurrence, industrial application, 458. Preparation and solution of the sample — 
solubilities — element, oxide, salts; solution of ores, 459. Separations — uranium 
from copper, lead, bismuth, arsenic, antimony, and other mcml)ers of the hydrogen 
sulphide group; separation of uranium from iron and from elements having water 
insoluble carbonates; separation from vanadium, 459, 460. Gravimetric determina- 
tion of uranium as the oxide, Usf)*, 461. Volumetric determination of uranium by 
reduction and subsequent oxidation, 461. 

VANADIUM 

44'ilfkei> \V. Sc;ott 

Detection— tests with sulphide, reducing agents, hydrogen peroxide, ammonium 

chloride, distinction from chromium, detection in steel, 463, 464. Estimation 

occurrence and industrial application, 464. Preparation anil solution of the sam()lc 

solubility of fhc element, its oxides and salts; general procedure for deeompo.sition of 
ores of vanadium, ores high in silica, products low in silica, iron, stwd and alloy.s, 465, 
466. Separations— -general procedum, removal of arstmic, molybdenum, phosphoric 
acid, separation of vanadium from chromium, 466, 467. Gravimetric methods — deter- 
mination of vanadium by precipitation with mercurous nitrate; by precipitation with 
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}f. "TJTttHTw, 4()S. Voliimc'trio methods— nnluct ion to viiimdyl condition :ind 
oxidntion with potassium permaiiKHnate, reduction with zinc followed l»y pennan- 
ganalo titration; determination of vanadium in steel; determination of molybdenum 
and vanadium in presi'iicc of one another; determination of vanadium, arsenic or 
antimony in presimce of one another by Edgar’s method; determination of vanadium 
and iron in presenci! of one another; iodometrie method for estimation of chromid 
and, vanadie acids in presence of one another; determination of vanailium in ferro- 
vanadium, methods of the Vanadium (’ompany of America -gen(*ral procedim*, vana- 
dium in ores; in sti'cl; iii steel containing chromium; in cupro- vanadium; in biasses 
and bronzes, -tOD-dTt). 

ZINC 


F. G. Brkykk, M.A. 

Chief of the TeKtimj Deiuirlmcnl, \eir Jerneij ZincCotniHinu (of Pn.) 

Detection of zim-, 477. Estimation, 477. Preparation of the samiile— moisture 
determination in the pulp, 478. Separations- from silica, cadmium, arsenic, 
antimony, bismuth, coptier, iron, alumina, manganese, nickel and cobalt, 478, 
•175). Methods of analysi.s- Gravimetric methods — weighing as the oxide, electrolytic 
jirocedure, 475). N’olumetric methods- ferrocyanide titration of the acid solution, 
separating iron, aluminum tmd manganese Avith timmonitt, and liromine; titration 
of the alkaline solution — jirocedure for cornm m ores; proc(‘dure for cojiper-bcaringores; 
jirocedure for m.itcri.-d containing cadmium; for material containing e.arbo i ceous 
matter: proceduri' for material containing metallics; general notes, 4S() 4<S.‘l. Standard 
method of the New Jersey Zinc (.’ompany— titration in acid .solution— sei»ara ting of 
zinc a.s sulphide; standardization of the ferrocyanidi; solution; jirocedure with material 
containing insoluble zinc; iliscu.s.sion on .separating zinc as zinc sulphide and titrating 
in acid solution, 48.‘{ 487. Determination of small amounts of zinc, 487. Special 
method.s -dtdermination of metallic zinc in zinc dust, 487. Determination of inipuritie.s 
in sj)cltcr-lead by electrolytic; .uid “ load acid ” methods; iron by colorimetric and hj'dro- 
gen sulphide methods; cadmium by sulphide and electrolytic method, 489-192. 
Determination of impurities in zinc oxide* (reference); general references, 492, 493. 

ZIRCONIUM 

11. Stuakt (Jwens 
Research Chemist, New York City 

Detection, 494. I'lstimation, 494. Preparation and .solution of the sample — 
materiids containing a large amount of silicai, general method for minerals, oxides, etc., 
other methods, 494, 49.5. Separations — from iron, titanium, thorium, carium, the 
iron group, 495. Gravimetric methods for the determination of zirconium — salts of 
zirconium, minerals and silicates; dcterinination {is phosph.atc; determination as 
zirconium oxide; determination as oxide in presence of iron, 490. 
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PART II 

SPEC I A L Si EJECTS 

ACIDS 

AVilfhki) W. SroiT 

Indicalors— cliussifiratioii and sporial uses of, 409-501. riliinatc standards— 
pr('i)aration of purr sodium carhonato, 501. Proparalion of standard acids— sulphuri(i 
acid, hydrochloric acid, benzoic acid, standard caustics solution, 502“50t. Staiulard 
burettes, 505. Methods of weighing acids — dilute acids non- volatile under ordinary 
conditions; weighing of strong acids, fuming or volatile under ordinary conditions; 
Lunge-Uay pipette, Dely weighing tube, snake weighing tube, Blay-lhirkhard grad- 
u:;tcd w^eighing burette, 506, 508. Titration of acids and alkalies, 508. Analysis 
of muriatic acid— total acidity and hydrochloric acid. Impurities in commercial 
hydrochloric acid— free chlorine, nitric acid or nitrates; sulphuric acids and sulphates, 
arsenic, l)arium chloride*, silica and total solids, 5(K), 510. Analysis of hydrofluoric 
acid— total acidity, hydrofluosilicic acid, sulphuric acid, suljdmrous acid, calculation 
of results, 510-512. Complete analysis of nitric acid — total acidity, sulphuric acid 
hydrochloric acid, lower oxides, nitric acid, iodine, free chloriru*, total non-volatile 
solids, 512-514. Fc'rrous sulphate method for the direct determination of nitric acid- 
standardization of the reagents; general procedure for nitric in sulphuric acid; evalua- 
tion of nitric acid or nitrates; determination of nitric acid in oleum or mixed acids; 
determination of nitric acid in arsenic and in i)hosphoric a(*ids, 515-520. Determina- 
tion of nitrous acid or nitrite by the permanganate method, 520. The analysis of 
oleum or fuming sulphuric acid and of mixed acid — total acids, lower c>\ides, sulphuric 
acid and free sulphuric anhydride, nitric acid, calculating of results, 522-52(). Analysis 
of acetic acid — imjairities in acetic acid, formic acid, furfurol, acetone, sulphuric acid, 
sulphurous acid, hydrochloric acid, metals in acetic acid, .527-529. Ac('tates, 529. 
Citric; .acid, 580. Voluuietric ('stimalion of free .aca’d in presence of iron .sidts, .5.80. 
Kstimation of carbonates and hydrates of potassium and .sodium when together in 
solutioTi, 531. 


WATER ANALYSIS 

D. K. Fhk.nch 

Director of the Lahortitorfi, ! harbor u Chvoncol Coinp(n)y 

General considerat ions, 53.8. Sanit ary a nalysis- - organic nil rogen ; chloride ; 
oxygen consumed; physical lest --turbidity, color, odor -hot or cold; taste, .534-535. 
(3iemical te.sis'~free ammonia, albuminoid ammonia, organic nitrogen; nitrogen as 
nitrite; nitrogen as nitrate by phenolsulphonic acid methc^d and by aluminum reduc- 
tion; oxygen consumed: chlorine as chlorides; total solid residue, 5.86-512. Inter- 
j)retation of results, 543. Mineral a nalysi.s— general considc*rations, outline of pro- 
cedure, silica, mangane.se and jdiosphoric acid; iron and alumina gnavimetric; iron 
c;oloriinetric, ferrous iron coloriinc'tric; jjho.spliate.s, c^alciuni, m;igne.sium, mangane.se — 
Knorre’s jiersulphate method, .sodium bi.smuthate method for mang.ane.se; sulphatc^s - 
benzidine method; sodium and ])olassium; alk.alinity, .acidity, free c.arbonic acid; 
chlorine; nitrates; ammonia and its compounds; total minc*ral residue; hydrogen 
sulphide; oil; dis.solved oxygen by WinklcT’s iiu^thod, 545-557. Methods for deter- 
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mining small ”'’*oUnts of zinc, copjM^r and tin, 557. Hardness, preparation of 

solutions, magnesium chloride*, cahaum sulphate; lime and soda value, 558-561. 
Methods of reporting and interjiretation, 562. Water .softening, foaming and prim- 
ing, corrosion, scale, irrigating waters, hypothetical combinations, 563-565. Field 
assay of water, 565. 


FIXED OILS, FATS AND WAXES 

Ai (UTSTUs II. (Jinn, Pii.D. 

Profeanor of Tfclmical Aualifsisy Manmchusvlis Institute of Technology 

Introductory. Examination of an unknown oil, 566. Petroleum products — 
Burning oils; flasli te.st, determination by the New York State Board of Health tester; 
fire test; specific gravity, (ff) by the hydrometer, (fe) by the Westphal balance; dis- 
tillation tost, Engler’s method; determination of sulphur; detection of acidity; sul- 
phuric acid test; mineral salts; determination of water; color, 567-572. Lubricating 
oils; viscosity, Engler apparatus, Saybolt Universal viscosimeter, absolute viscosity; 
specific gravity; evaporation test; cold test; flash point; fire test; detection of 
soap; caoutchouc; tests for fatty oils; gumming test; carbon residue test, 
Gray’s method; gasoline test; microscopical test; friction'tests, 572-580. Animal 
and vegetable oils — specific; gravity’; refractive index; Valenta test, elaidin test; 
Maumcne test; iodine number; ITanus’s method, Hubrs method; oxidized oils, iodine 
number; bromine number; saponification value; detection of unsajHmifiable oils, 
from saponification number, by gravimetric; methods; identification of the unsaponi- 
fiable matter; test for animnl or vegetable oils; tests for antifluorescents; acetyl 
value, 5S0-591. Special tests for certain oils — Bechi’s test for cotton-seed oil; llal- 
pen's test for cotton-seed oil; hexabromide test for linseed oil; Renard’s lost for pea- 
nut oil; Bach’s test for ra])eseed oil; Liebermanii-Storch test for rosin oil; Baudouin’s 
orC’anioin’s test for sesame oil; free acid test; spontaneous cotnbustion tost, Mackey’s 
apparatus; drying test u])on glass; tit(T test, 591-59!). Edible fats- -butter, examina- 
tion of the fat; i)res(*rvatives, color; lard, ^^ater, .599-600. Hardened oils, 600. Waxes, 
601. Miscellaneous oils an<l lubricants — gcau'ral description, drying, semidrying and 
non-drying oils, ()01-602, Tables — i)rop<‘rties of some mineral oils; characteristics 
of the fatty acids from some oils; characteristics of some oils; characteristics of some 
waxes, 601-607. Reagents, 607, 608. 


ANALYSIS OF PAINTS 

HkNKV a. (iAHD.NKU 

Assistant Director, The Institute of Industriaf Rcsrnrch, Washington, I), (I, 

JtUlN ScHAKFt'KU, Pii.l). 

Chixf Chemist, Kagle-Piehrr Leatl Company, Joplin, Mo, 

Introductory, 609. Analysis of paint vehicles comj)o.sition of licjuid part; per- 
centage of licpiid by ignition method; percentage* of li(|uid by extraction methods; 
separation of vehi(*le comi)onents, watcT, diiect distillation of volatiles; detection of 
resinates; detection of various oils, 610-612. Analysis of paint oils — iodine number; 
analysis of (’hinese wood oil (lung oil), specific gravity, acid number, saponification 
number, unsaponifiable matter, refractive index, iodine number (Ilubl), heating 
test (Browne’s method), iodine jelly l<*st; standards of (’hinesc wood oil, A. S. T. M.; 
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constants of various oils, comparative tables; examination of turiwntiiit#^,.-o«lor, s}jccifi(: 
gravity, refractive index, distillation, polymerization; standunls for turpentine, 
A. S. T. M., 612-618. Analy.sis of varnish — flash point, acid nunil>er, ash, .solvent, 
fixed oils and resins, .separations of polymerized oils ;ind resins, 618-620. Other mate- 
rials, 620. The analysis of {)aint pigments; cla.s.sification of i)igmont.s, 621. Aiudysis 
of white pigment. s — sublimed white lead, volumetric determination of lead, volumetric 
determination of zinc, total .suljfliate; corroded white lead, total lead (gravimetric), 
total lead (volumetric), carbon dioxide, acetic acid, metallic lead; zinc lead and leaded 
zinc — moisture, lead, zinc, total soluble suli)hates (in alwcnce of BaSO,), total 
soluble .sulphates (in presence of BaSO^), soluble zinc sulphate, sulphur dioxide, cal- 
culations: zinc oxide -moisture, carbon dioxide, insoluble matter, sulphuric anhydride, 
total S as SO 3 ; lead oxide, gravimetric mc*tho<l, eh'ctrolytic method, chlorine, ferric 
oxide, manganese oxide, arsenous oxide, SOj e(|uivalent, zinc oxide; lithopone — 
moisture, barium sulphate, total zinc, zinc siilphitle, soluble salts; silex — moisture, loss 
on ignition, in.stfluble matter, carbon dioxide; whiting — Paris white- -moisture, loss 
on ignition, ciilcium, magnesium, carlwn dioxide, sulphates; barytes and blanc 
fixe — moisture, loss on ignition, barium sulphate, sf)luble sulphates, carbon dioxide; 
analysis of a composite white paint — insoluble residue, total lead, alumina and iron 
oxide, zinc, calcium and magnesium, sulphate, sulphide, carlron dioxide, calculations, 
622-634. Red and brown pigments — red lead and orange mineral - -moisture, organic 
color, total load and insriluble residue, lead peroxide (PbO*) and true red lead (Pb-iO^), 
calculation; vermilion - -cliaractcriiitica of; iron oxides, 634, 637. Blue pigments — 
ultramarine blue -moisture, silica, aluminum oxide, sodium oxifle, total sulphur, sul- 
phur present as sulphate; Prussian blue — moisture, nitrogen, iron and aluminum oxides, 
sulphuric acid, commercial analysis; sublimed blue lead — -total lead, total sulphur, 
lead sulphate, lead sulphite, lead sulphide, lea<l carbonate, lead oxide, zinc oxide, carbon 
and volatile matter, 6.37-(W9. ’N’ellow and orange pigments — chrome yellow, moLs- 
tun*, insoluble n*sidue, lead, chromium, zinc, calcium and magnesium, sulphuric aciil, 
calculations, 639. fSreen pigments, chrome green — moisture, in.soluble residue, lead, 
iron, alumina and chromium, calcium and magnesium, sulphuric acid, nitrogen, cal- 
c'ulation, 639, 640. Black pigments — moistim*, oil, carbon, ash, analysis of ash, 640- 
641. Complex compounds — hydroferrocyanic and hydrofcrricyanic acids, 641. 

CEMENTS 

IticiiAKn K. Mkadk, M.S. 

Chemical, Mechanical and Itulmtrial Kngincer, liallimnre, Md. 

Analysis and testing of cements — introductory, 642. Phy.si<-al testing — fineness, 
specific gravity, normal consistency, tal>le — |»crcentage of water for standard sand 
mortar, setting time, .soundness or con-sistency of voluna*, tensile strength, notes, 
apparatus for testing of cement, 612-649. Standard method 'or chemical aniilysis of 
Portland cement — solution, silica, alumina and iron, lime, magnesia, alkalies, anhydrous 
sulphuric acid, total sulphur, lo.ss on ignition, insoluble residue, 6.)0, 6.53. Rapi<l 
method for chemical analysis of Portland cement, 6.53. Rapi<l method for checking 
the percentage of calcium carbonate in cement mixture, standard .-dkali, standanl acid, 
standard sample, standardizing the aci<I, determination, 6.56-658. Analysis of lime- 
tone, cement rock, lime, Rosendale cement, etc., 658. 
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ANALYSIS OF ALLOYS 

John Ohsen, Th.D. 

Professor in (^hnrgc of (he Dr part men I of (^hemisfrijj Cooper (hiinn, Nein York City 

Inlrodiiclioii -difliculty of coniplc^f (‘ st^paralioii of oIiMiionts, limit of accuracy in 
analysis, G59. Analysis of typ(* imdal —solution of the; alloy, lead, eoppcT and iron, 
separation of antimony and tin, deterinination of antimony, tin and arsenie, G5l)-G()l. 
Analysis of soft sold(T -solution of the alloy, determination of tin, lead, arscmic, 
antimony, iron, zinc, tiGl-GGo. Analysis of Rose’s metal —decomposition ofj material, 
determination of lead, bismuth, coppcT, ()G.‘^. Analysis of Wood’s metal -decomposi- 
tion of the* material, determination of Ic^ad, bismuth, cadmium, arsenic, tin, sej)aration 
of copper and cadmium, determination of copper, separation and estimation of iron 
and zinc, (>(51, GG5. Analysis of Britannia mc*(al — d(‘coinposition of the alloy by means 
of chlorine, determiiiatitm of lead, copper, iron, bismuth, se])aration of tin from arsenic 
and antimony, determination of tin, arsenic and antimony, 6GG, GG7, Analysis of 
brass or bronze- -solution of the alloy, determination of tin, arsenic, antimony, lead, 
CopfKir, iron, zinc, 6G7-(>()9. Analysis of German silver — decomposition of the mate- 
rial, determination of zinc, iron and nickel, GG8. Analysis of manganese and phos- 
phorous bronze — solution of the alloy, determination of lead, copper, zinc, iron, man-, 
ganese, phosphorus, 670, 671. 

METHODS FOR ANALYSIS OF COAL 

Frank E. Hale, Pii.D. 

Sampling; preparation of the sample for analysis, 672-G71. Methods of analysis 
— moisture, ash, volatile combustible matter, volatile sulphur, turbidimetric sulphur 
table, fixed carl)on, cidorific value, calculation of B.t.u., standardization of tlio calo- 
rimeter, 674-683. Determination of fusibility of coal ash, GS4. References, 685. 

GAS ANALYSIS 

AlHilTSTUS IT. (ilLL, Pii.D. 

Profeasor of Technical Anahjsitiy Maamchnactls Inalilute of Technology 

Sampling -lubes, pumps, containers fur sanipli‘s, (5S7-(5SO. Measurement of 
gas in large quantities -wet and dry meters, Pitot tube or Davis anemometer, rotam- 
eter or Thorpe gauge, capometer, Thomas electric meter, orifice meter, anemometer, 
(>89 ‘692. Mcasunuiient of gas in small quantities -gas burettes, IlempcI (3rsat 
and Elliot burette, s('[)aratory funn(4 and graduate, 692. Absorption apparatus, 
tubes and pipettes, (593. T^xamination of the gases — detection and determination 
of the various gases, tables, 691- 697. Analysis of gaseous mixtures — analysis by means 
of the Orsat apparatus, determination of carbon dioxide, oxygen, carlnui monoxide, 
hydrocarbons, notes on manipulation; Elliot apparatus, determination of carbon 
dioxide, oxygen, carbon monoxide, notes; Hempel apparatas, determination of oxygen 
in air — (1) by phosphorus, (2) by pyrogallatc of potassium, (3) by explosion with 
Ijydrogen; analysis of illuminating gas — c%arbon dioxide, illuminants, oxgyen, carbonic* 
oxide, methane and hydrogen, (u) TIinman’s method, (6) Hempel’s method; nitrogen, 
notes, 697 707. Applications of gas analysis and interpretation of results — I. Chimney 
and flue gases — carbonic acid indicators, determination of temperature, composition 
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of the coal, tables, smoke, 708-711. 11. Producer and fuel gases, blast-furnace gas — 
analysis, dust in, 711-712. III. Illuminating gas, candle-power, calorific power, sulphur, 
HiS, ammonia, naphthalene, carbon dioxide, specific gravity, tar, 712-720. IV. Sul- 
phuric acid gases — (a) burner gases — sulphur dioxide in inlet and exit gases, Reich 
method for SO 2 , absorption of SO 2 in chromic acid solution; (6) nitrogen oxides, 720- 
726. V. Mine gases, 726. VI. Electrolytic gases, 727. VII. Acetylene, 727. Atmos- 
spheric air moisture, carbon dioxide, ozone, carbon monoxide, bacteria, 728-730. 
Determination of moisture in gases, 731. Determination of nitrogen by the nitrometer, 
732. Reagents and tables, 734-738. 


ASSAYING 

Wallack Ci. Dekby, M.S. 

Research Chctnisl, Nichols Copficr Company 

Sample, the unit of weight, general survey of the subject of .sampling, 739. 
Furnace operations; consiHpauit to the furnace oix>rations; preliminary to the furmice 
oi)erations; silver and gold retained in the slag; silver sind gold retained in the cu[)cl; 
corrected as.say; determination of gold; determination of silver; influence of (juantity 
of sainide, 711. Roasting, incineration, 713. (Vuciblc method of fusion, 744. Scori- 
fication method of fusion, 7.5.5. Cuj)ellation, 7;5n. Parting, 7GG. Combination met h- 
od.s, 7G9. Determination of gold in cyanide .solution, 773. 

T’AUT in 

TABLES AND USEFUL DATA 

T. Tntern.ational atomic weights, 77tf. II. Melting-points of chemical elements, 
780. III. Temperature standards, 7S(). IV. F.Iectromolive arrangement of the ele- 
ments, 781. ,\riD A.M) Ai.k \M T\itf-Es. V. Hydrochloric acid — Ferguson, 782. VI. 
Ilydrfichloric acid -Lunge and Marchlewski, 781. Constant boiling-iv>inf.s, 784. 
VII. Nitric acid, Fergu.son, 78.5. VIII. Nitric acid, Lunge and Rey, 787. IX. Sul- 
phuric acid -Fergusdn and Talliot, 789. X. Sulphuric acid — Hishop, 793. XI. 
Melting-p(jints of acetic acid — ItudorfT, 791. NIL ,\cetic acid— Oudernans, 794. 
XIII. Phosphoric acid — Hag«‘r, 79.5. XIV. .\qua .ammonia — Ferguson, 79G. XV. 
Sodium hydroxide- Lunge, 798. XVL VajMir tension of water in milligrams of mer- 
cury, from —2® to -| 36® (’. — Ilegnault, Broch and Weiln*, 800. XVII. I’sefuldataof 
the more important inorganic compounds — Meiklejohi;, SOL XVTII. Conversion 
factors — Scott and Clark, 804. XIX. Compari.son of centigrade and Fahrenheit scale, 
818 XX. Relation of Beaume degrees to .specific gravity and the weight of one II. S. 
galloti at GO® F., 819. XXL Comiuristm of custoniary tmits of weight and inea.sure 
with tlu! metric system, 820. XXII. Table of constants for certain gases and 
vapors, 822. 
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PART I 


TECHNICAL METHODS FOR THE DETECTION AND 
DETERMINATION OF THE MORE IMPORTANT 

ELEMENTS 




iia^rCMlNUM 1 

WiLFTiKD W. Scott 

Alt at*wt. 27.1; sp.gr. 2.583; m.p. €>58.7'"; h.p. 2200^; oxide AlzOt. 

DETECTION 

The sample is hrouKht into solution according to one of the procedures out- 
lined under “ Prciiaration and Solution of the Sample.” Silica is n^nioved by 
taking the solution to dryii(\ss, boiling the rc'sidue witli liydrochloric acid and 
filtering. The na'inbers of the hydrogen sulphith' group are removed as usual 
witli II 2 S, the filtrate ladled to expel the excess of H-S, iron oxidized with nitric 
acid, jind aluminum, iron and chromium pn‘cipitaU‘d as hydroxides by a<ldition 
of ammonium hydroxide in presence of ammonium chloride. On treating the 
precipitate with sodium peroxide, aluminum and chromium hydroxides dissolve, 
whereas ferric liydroxide nauains insoluble. Aluminum hydroxide is yjrecipi- 
tated by acidifying the alkaline s<ilulion with hydrochloric or nitric acid, and 
neutralizing with ammonia; chromium remains in solution. 

The white gelatinous precijdtatc* of aluminum liydroxide may be confirmed 
by adding a drop of cobalt nitrate* solution and burning the filter. The 
residue will be colon'd blue by tin* resulting aluminum cobalt compound. 

Sodium thmsulphaie, NajS..O;i, added to a neutral or slightly acid solution, 
containing aluminum, prc*cipitates aluminum hydroxide*, upon boiling the solu- 
tion. Soelium sulphite, or ammonium chloride added in large excess, will also 
cause this precipitation. 

ESTIMATION 

The determination of aluminum, in terms of alumina, AI 2 O 3 , is required in 
the evaluation of aluminum ores, bauxite, Al 20 (()H) 4 ; diaspore, Al()(()n); alunite, 
K O.SAUOs.dSOg.tiUjO, etc. It is deterininod in the analysis of feldspar, hal- 
loysite, clays, granite, gneiss, porphyry, mica schist, slate, obsidian or pumice 
stone, cryolite, limestone, and in the complete analysis of a large number of 
mineral substances. The estimation of alumina is required in the analysis of 
cements, plaster, ceramic materials, aluminum salts, and is especially important 
in the control of processes in the manufacture of aluminum products. As a 
metal it is determined in commercial aluminum, and its alloys. 

Preparation and Solution of the Sample 

In dissolving substances containing aluminum it will be recalled that alumina, 
although ordinarily soluble in acids, is very difficult to dissolve when it is highly 
heated. It may be best dissolved, in this case, by fusion with sodium carbonate 
or with acid potassium sulphate, followed by an acid extraction. The metal is 
scarcely acted upon by nitric acid, but is readily soluble in the halogen acids and 
in hot concentrated sulphuric acids. 

General Procedure for Ores. One gram of the finely powdered ore, 
taken from a representative sample, is placed in a platinum dish, 5 cc. of con- 

^Also spelled Aluminium. 
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centrated sulphuric acid are added, followed by about 20 cc. of strong hydro- 
fluoric acid. The mixture is evaporab'd over a steam bath as far as possible 
and then taken to SO3 fumes on the hot plate (Iluod). Upon cooling, a little 
dilute hydrochloric acid is added and tlie mixture warmed. Tlie solution is 
diluted with distilled water aiul filtered if any n'sidue remains. 

The insoluble residue remaining on tin* fdter may be brought into solution 
by fusing the ignited residue with so<lium earbonate or acid potassium .sulphate. 
If barium is present sodium carbonate fusion is made and tlie melt extracted 
with water to remove the sodium sulphate. The residual carbonates may now be 
dissolved with hydrochloric acid. 

SunPiliDE OuES should be oxidized with nitric a^'id and bromine aeeonling 
to the general procedure for decomposing i) 3 'rites in the d(‘t(‘rminatioii of 
sulphur. 

The solution of the sample having been elTected, almninum is s.'parjited from 
elements that interfere in its estimation. Directions for the n'luoval of these 
substances are giv'cn under “ Sepanations.” The element is now in .solution in 
such form that it maj’ be determined gravimet ricalh' or volumetricallj'. 

Fusion Method. Sodium Carbonate. The aiixlric'd matc'rial, ground to a 
fine powtler, is placed in a glass-stop|H‘r(‘d bottle. If the detiTinination is to be 
made on the dry ba.sis, moisture is tlriven out bj' placing tin' material in the hot air 
or steam oven for an hour (1(H) to IU)“ C.). One gram .sample, placed in a large 
platinum crucible, is mixed with 4 to .'i grams of anh.vdrous sodium carbonate 
and the material heated to fusion, the heating being continm'd until the molten 
mass appears clear. The li([uid mass may lx* poured on a Ijirge platinum crucible 
lid, or if ijreferred, allowed to cool in the crucible, a ]>latinum prod being held in the 
fusion until it .solidifies. U.y gentl.v heating the crucible oV('r a flame the fusion 
loosens from the .sulcs and ma.v be lifted out on the prod. In either case the 
cooled mass is dissolved b.v placing it,tog<*ther with the crucible in which the fusion 
was made, in a casserole, and trvating with h.vilrochloric acid, the casserole being 
covered with a clock glass during the reaction. 

Silica is removed by evaptirating the solution to drvness on the water or steam 
bath and drying in the oven at 110° Cl. for an hour or more. The residue is 
extracted with, hot dilute h^'drochloric acid and silica filtiTcd olY. 

If the solution is cloud.v upon treatment of tin* fusion w'ith acid, it indi- 
cates either the presence of barium sulphate or incomplete d(‘Compo.sition of 
the sample. In the latter case the resichie is gritty' and the fusion of this 
material should be repeated. 

Fusion with Potassium Bisulphate. This procc'dure is recomnu'iided for 
the decomposition of commercial alumina or calcined AhOj. The procedure is 
similar to the stKlium carbonate fusion with the exception that le.ss heat is re<piircd. 
A silica dish maj' be used, if desired, in place* of platinum. 

Extraction of Ores of Aluminum for Their Commercial Valuation. The 
available alumina in bauxite, alunite, elaj's and aluminum-bearing materials 
may be approximately ascertained by digt'.sling o grams of the pulve'rized .sample 
with 45 cc. of 5 N. HaSO-i for three hours in a Kj«'ldahl flask with reflux con- 
denser, the heat being .so regulated ‘ that the drip from the comlenser amounts 
to 5 to 8 drops per minute. The solution filb'red hot, together with the wash- 
ings of the residue is diluted to 1000 cc. Aliquot portions of this solution 

^ Method for controlling temperature by observing condensation suggested by 
W. S. Allen. 
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arc taken for dotorminalion of tin* d(\sir(Ml s()lul)lo ronstitu«*nts, according 
to tli(? procedures outliiuul iiiider iKiuxite analysis iu the latter portion of tlic 
e}iap((‘r. 

Solution of Metallic Aluminum and its Alloys. The metal ma,y be dis- 
solved in dilute livdroehloric acid, 1:1, or in a solution of sodium ii 3 "droxide 
or potassium hydroxid(\ 

Alloys of aluminum are best brought into solution with a mixture of hydro- 
chloric and nitric acids. 


SEPARATIONS 

General Considerations. In the usual course of analJ^sis, aluminum is 
in solution as a sulphates or as a (?hlorid(', silica having been removed by dehy- 
dration, as deserilx'd under ‘4V(‘paratioii and Solution of the Sample.'^ The 
following int('rf(‘ring elements may be prescuit in the solution: iron, manganese, 
arsenic, antimony, titanium, phosphoric acid, and more rarely chromium and 
zirconium. In alloys of aluminum other elements may be added to this list. 
The separation more commonly required is from iron, aluminum and iron 
being precipitat'd togetluT as the hydroxides. In usual practice the two are 
weigh(‘d togellK'r as and At/lg, aftcT ignition to this form, and iron then 

determined, either on a separate portion of the sample, or by solution of the 
precipitate by fusion with sodium carboiiat* or potassium bisulphatc and sub- 
secpient extraction with hydrochloric acid. The following procedures of sep- 
arations are given for spc'cial cases less commonly rc'cpiin'd in analysis. The 
cliemist should be familiar with the su])stance with whicli h(‘ is working and 
have a gc'iu'ral idni of its composition iu ord<‘r to be able to choose the 
correct procc'dun' for estimation of tin* aluminum content. In ores and mate- 
rials to be us('(l for production of aluminum compounds the rc'sults are reported 
in terms of the oxide-alumina, AL.Os, in alloys ns the element, Al. 

Removal of Silica. This compound has alread^^ been coTisid(Ted under 
^'Preparation and Solution of the Samide,” Sitb being n'lnoved by taking the 
solution to drviK'Ss, dc'hydratiiig the oxide' by additional heating in the oven, 
followed by extraction of tlu^ soluble constituents with dilute hydrochloric acid 
and filtration. Uiid(*r the' first procc'dure for solution of tlie ore by sulphuric and 
hydrofluoric acids silica is expith'd as gase'ous SiP 4 . 

Separation from Iron. 1. Aluminum hydroxide is prccipitatc'd by the 
addition of a salt of a we'uk acid to its iicaitral or slightly acid solution, iron 
remaining in solution. Details of the procedure for precipitation of aluminum 
hj'droxide ])y nu'ans of sodium thiosulphate are given under “Gravimetric 
Methods for Dete'rmination of Aluminum,'^ page 9. 

2. Aluminum chloride is i)n'cipitated from a concentrated solution of hydro- 
chloric acid and ether saturated with !ICl gas. Details of the procedure are 
given under th(' gravimetric methods for aluminum, i)age 10. 

Note. 'Die hdlowing additional proce<hires for separation of iron and alumina 
have been suggested: 

(«) l^rceii)itation of iron as FeS in presence of organic acids, citric, tartaric, 
salicylic, etc., aluminum remaining in solution. 

(/>) Precipitating iron by adding sodium jieroxide to a cold neutral solution of 
the clcineiits until the precipitate? first formed dissolves, then decomposing the sodium 
ferrate by boiling, Fe(OH)8 precipitates, Al remaining in solution. (Glaser, J. S. C. I., 
1897, 930.) 
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(c) Tho neutral solution of the «»l('nionts is luuled with freshly preeipitated Mn(^ 2 , 
whieh causes the precipitation of iron as FeiOlD.t, whiU* aliiininuni reniains in 
solution, (ehroiniuin also passe s into the filtrate). 

(d) Precipitation of iron from uciel solutions l)y means of amino-nitrosophenyl- 

hvdroxvlarnine, (cupferron), aluiiiinuin remaining in solution. (<). Haudisch, (Uiern. 
Ztjr., Si, 12f)8, P.lOo. //m/., 01:1, 1011; O. Haudisch and V. H. King, J. I. K. C., 

3,627,1011). 

(c) Precipitation of aluminum (toge'tluT with phosplioric acid, if ])r(‘S('nt), by 
phenylhydrazine, added to the reduced, weakly aciel or neutral solutions. Iron, 
cobalt, nickel, calcium, and magm^siurn remain in solution. (Hess and Campbell. 
C. N., Ixxxi, loS. Kngles, .1. S. I., ISOS, 70(i.) 

(/) Kk'ctrolytic se^paration of iron by amalgamation with men^ury cathode and 
determining ahiminum in tin* solution. (Kretzschmar, .1. S. C. I., ISOO, lOtU; 
Kolin and Woodgate, J. S. (\ I., ISSO, 2tW).) 

Phosphoric Acid. In presence of i)hos])horic acid, the phosphates of iron 
and alumina togetlu'r with tlu' phosphates of the otluT (‘lements of the group 
and those of the alkaliiu' earths will be precipitatc^l upon making tlu' solutioti 
alkaline with ammonia. Should iron and alumina be the only elcunents <»f th(‘se 
two groups present in the solution, they may be pna*ipitat(‘d togetlier as phos- 
phates, iron determineil by titration and caleulatc'd to the idiosphati* salt, 
and alumina obtained by difTerenee. Occasionally, h()W(‘ver, it is neci'ssary to 
remove phosphoric aciil. 

Removal of Phosphoric Acid. The material is fused with about- six tinu\s 
its weight of a mixture of 4 parts Xa*C ()3 and 1 part Sifb (silc‘x), and the 
melt extracted with water containing ammonium carbonate. Iron and ahiminum 
remain on the filtm*, upon filtration, w'hih^ sodium phosphatt' i)asses into solu- 
tion. Hoth the precipitat<‘ and filtrate contain silica. The ])r('cipila((‘ of iron 
and alumina is dissolved in hydrochloric acid and taken to dryness, tlie 
residue dehydrated as usual, then treati'd with dilute liydrochloric aci<l and 
silica filtered off. The solution contains iron and aluminum in form of chlorid(\s. 

Separation of Aluminum from Chromium. The solution is made strongly 
alkaline with sodium or potassium hydroxid(\s and chromium oxidizi'd by 
passing in chlorine gas or l)y adding bromine. I'lie solution is now acidi(ic*d 
with nitric acid and aluminum liydioxide jireeipitati'd by addition of ammo- 
nium liydroxide, chromium remaining in wiliaion as a ebromate. 

Separation of Aluminum from Manganese, Cobalt, Nickel, Zinc, the 
Alkaline Earths, and Alkalies. Iron aiul aluminum are ])r(M*ipit;it(Hl as 1>asic 
acetates, the otlier elements passing into solution. Details of the proei'dure 
are given under the basic acetate method on page 2< 0. 

In absence of phos])hat<s, these eh'inents do not intcrferi' in tlu* (h'termi- 
nation of aluminum by precipitation as the liydroxidi*. 

Separation of Aluminum from Titanium. De tails of llu* \ roei'dure are 
given under ‘‘Titnnium.” 

Separation of Aluminum from Uranium. Aluminum is })ri'eipitat(‘d as 
a carbonate in pn-^( net* of a largo amount of ammonium salts by addition of 
a largo excess of animonium carbonate and ammonium sul])hid(‘, whiles uranium 
remains in solution ilie complex coinjMiuiMl r() 3 (r 03 ) 3 fNll 4 ) 4 . 

Separation from Glucinum. Aluminum is soluble in the fixed alkalies and 
remains in solution on lioiling; glucinum ak'^o dissolves, Imt is precipitated on 
boiling, Glucinum is .-.oluble in an exc(‘^s of animonium carbonate, aluminum 
is not. 

For additional separations s('e cliaptcT on eh^ment in question. 
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GRAVIMETRIC METHODS FOR THE DETERMINATION 

OF ALUMINUM 

There are two gon(*ral procedures for the gravimetric determination of 
aluminum. A. Direct determination, when it is possilde to precipitate the 
hydroxide or piiosphate of the element, free from impurities. B. Indirect deter- 
mination wlieii tlie element is precipitated and weigliod along with iron, the 
latter then determined by titration and aluminum estimated by difference. 

Determination by Hydrolysis of an Aluminum Salt with Am- 
monium Hydroxide 

Principle. The metho<l <lepend.s upon the h\’drol.\'sis of a soluble salt of alumi- 
inim by neutralizing the fr<‘«‘ ami combim'd acid witli ammonia. This h 3 ’drolj'sis 
takes place in presence of ammonium chloride, wdiich prevents the precipitation 
of magnesium hydroxide by \lliOH, the common ion, Nlli+, repressing the 
ioni/atioii of the base, XILOH. (See Notes.) The direct determination 
of aluminum b^'^ this ])roc('dure exclud(*s the presence of elenxmts undergoing 
h.vdrol.vsis with similar conditions. Iron, chromium, titanium, zirconium, thal- 
lium, cerium interh're. In their presence a separation must be made. 

Recction. AKMa+aNlbOlI = Al(()II).,+:}Nn 4 C’l. 

If j)hosphoric acid is j)resent in the solution aluminum will be precipitated 
as the phosphate, All’O^. 

Procedure. To the solution, containing aluminum, free from phosphoric 
acid and the elements precipitated b.v ammonium hj’droxide, are added 10 cc. 
of ammonium chloride (10%) aiul 5 cc. of concentrated nitric acid. The 
solution is diluted to about 150 cc. and heated to boiling. Upon cooling slightly, 
carbonate-free ammonium hjalroxide is added .slowly from a burette until a 
slight permanent preeijiitate forms, and then drop by drop until the solution 
n'acts alkaline to litmus paper and tin? odor of ammonia is faintly perceptible. 
The precij)itate is allowed to s(*ttle on the water bath for a few minutes, then 
filtered hot and washed first several times by dc'cantation and finally on the 
filter with a hot solution of ammonium nitrate. (Twenty cc. stTong nitric 
acid diluted and neutralized with ammonium hydroxide and made to 1000 cc.) 

The precipitate is purified, if other members of the ammonium sulphide 
group and following groups are jn-i'sent, as the gelatinous precipitate is apt to 
occlude some of thc.se. This is accomplished by dis.solving the precipitate in 
a small amount of hot, dilute h.vilrochloric acid, 1:1, the solution being caught 
in the bi'aker in w'hieh the fii-st preeipit.'ition was made. The precipitation of 
the h.vdroxide is repeatetl exactly as is stated above. The precipitate, washed 
free of chlorides (AgNOa test), is drained of water and placed together with 
the filtiT paper in a platinum crucible. 

The ignition of the precipitate is conducted slowly at first until the paper 
is thoroughly charred, the heat is now increased to the full power of the Meker 
blast, the crucible being covered to prevent mechanical loss. Blasting for 
thirty minutes is generally sufficient to dehydrate the oxide, AUOi. It is advis- 
able, however, to repeat the heating until the weight becomes constant. The 
residue is weighed as A1*0». 


Al20,X0.5303 =A1. 
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Notes. Ammonia should be free from carbonates. TTpon standing with 

frequent exposure to air the ammonia takes up COg, forming carbonate of ammonia. 
Freshly distilled ammonia will be pure, the^ carbonate being precipitated by addition 
of lime in the distilling flask. Ammonia is best ke])t in a ccTcsine or ])araflinc 
bottle. It will then remain free from silica, w'hich it invariably contains when con- 
fined in glass bottles. 

Long heating of the mixture containing the aluminum precipitate is objectionable. 

1 . The solution is apt to become acid owing to the decomposition of ammonium 
salts and the volatilization of ammonia. 

2. The precipitate will become slimy and will be difficult to wash and filter. 
It is preferable to redissolve and again precipitate if this condition occurs. 

3. The COa of the air is apt to be absorbed by the solution, causing the precip- 
itation of calcium carbonate, etc., should the solution be exposed for any length 
of time. ^ 

4 . Silica fmm the beaker will contaminate the precipitate. 

Hence it is advisable to filter as soon as possible after making the precipitation 
of Al(OH)*. 

5. and S. No. M9, black band filter paper filters well and may be used to ad- 
vantage wuth precipitates of the nature of aluminum hydroxide. "H. and A. No. H. 
filter is also good. 

Washing the precipitate with ammonium nitrate prevents the aluminum from 
passing through the filter and kc^eps it from i)acking. It favors the formation of 
the insoluble nvdrogel form of the hvdratc while jirevcnfing the formation of the 
soluble hydrosol. Ammonium chloride may be used m place of nitrate.^ 

Aluminum hydroxide is soluble in acids and alkalie*?. The ignited oxide, 
Ahf^i, is insoluble in acetic acid but is soluble in miruTal acids and the fixed alkalies, 
It is rendered very difficultly soluble in acids by strong ignition, generally retiuiring 
fusion with sodium carbonate or potassium bisulphate with subsetiuent acid treat- 
ment to effect solution. 

AhOi, 102.2; 3.73 to 3.99; w.p., 2020® C. 

A yellow or reddish precipitate indicates the; presence of iron, an element 
frequently pre.«»ont with aluminum. Should this be thij rase, iron must be deter- 
mined, either in a separate portion of the sample, or in n^sidiie obtained by the 
procedure outlined. The amount of Fc 2 f )3 is subtrartcHl from the total residue, 
and AW^i obtained by diffonmee. 

If phosphoric acid is j)resent the jdiosjihate of alumina Avill j)recipitatc together 
with the phosphates of elements insolufde in alkaline solutions. Should jdiosphoric 
acid be present either its removal is essential, or tla; phosphate method for alumina 
should be followed. 

Fluorides hinder the pn*ripitation of aluminum.- Kvaporation to dryness and 
heating the residue to redness will transform fluoriiles to oxides and overcome this 
difficiiUy. 

Sulphates tends to hold up aluminum from precipitation and a certain amount of 
sulphuric acid is occluded by the aluminum hydroxide* jirecipitate. Magnesium is 
more apt to precipitate with alumina in presence of sul])hates.’* Ammonium chloride 
greatly Ic.ssens this difficulty. 

Traces of alumina may be recovered from the filtrate by cvaj>oration to dryness, 
ignition and resolution with HCl. The A1(()H)3 is now precipitated with NH 4 ()H. 

Since alumina absorbs moisture from the air, (he crucible containing this compound 
should be kept covered in a desiccator until weighed. 

Ammonium hydroxide, in presence of suffici(‘nt will not precipitate Mg(OTI)2, 

since the addition of NH4CI increas<\s the nimiioiiium ions in tla* solution and, by the 
common ion effect, represses the hydroxyl ions of the base, NHjOH, so that tluTc are 
insuffiefent hydroxyl ions for the solubility product of J\Ig( OH),, to be exceeded; there- 
fore magnesium remains in solution. A discus.si«m of the* theory of solubility product 
and law of mass act ion may be found in the author’s work on Qualitative CUiemical 
Analysis, published !>y D. Van Nostrand Ck>. Reference is also made to Vol. I of The 
Elements of (jualitative Chemical Analysis, by Julius Stieglitz, publ. by the Century Co. 

* W. Blum, Jour. Am. Chem. Soc., 38, 7, 12S2, 1916. (\ F. Sidener and Earl Petti- 

john, Jour Ind. Eng. Chern., S, 8, 714, Aug., 19H). 

* E. P. Vcitch, Jour. Am. C^hein. Soc., 22, 246, 1900. W. R. Bloor, ibid., 29, 1603, 
1907. L. P. Curtinan and H. Dubin, ibid., 31, 1485, 1912. 
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Determination of Aluminum by Hydrolysis^ Neutralizing the 
Mineral Acid by Addition of a Salt of a Weak Acid. 
Sodium Thiosulphate Method ^ 

If a salt of a weak acid and strong base is added to a neutral or slightly acid 
solution of an aluminum salt containing a mineral acid, transposition takes 
place and aluminum is hydrolyzed. 

Reaction. 2AlC!3+3Na2S20a+3II,0 =2Al(OU),+6NaCl+3S02+3S. 

Procedure. If the solution is acid, dilute ammonia is added until a pre> 
cipitate forms that dissolves with difficulty, but not enough ammonium hydroxide 
to cause a permanent precipitation. The solution is diluted so that it con- 
tains about 0.1 g. Al ptT 200 cc., then an excess of sodium thiosulphate is added, 
and the solution is boiletl free of SO*. Al(OH)» precipitates along with free 
Hwlphur. If iron is absent it is advi.sjiblo to add a few drops of ammonium 
hydroxide until the solution has a slight odor of ammonia. The mixture again 
boiled is filtered and the residue of AI(OII )3 and sulphur washed with hot water 
containing ammonium chloride or nitrate. The precipitate is dried, separated 
from the filter, the lattcir ignited and the ash added to the main precipitate. 
Alumina is now determined 1)3'^ blasting to constant weight, the residue being 
weighed as AbOa- 

Notks. The al»ov«! method may be employeil for separation of aluminum from 
iron, the addition of ammonia, following the iieutrali/ation of the mineral acid by 
thiosulphate being omi((<‘d. 'fhe precipitation of Al((>ll).t by this procedure gives 
a mor<> dense ami bettt'r filtering jirecipitate than does ammonia alone. 

Noth. (J. 33’vnkooi> suggests the us«! of siKlium nitrite as the salt of a wak acid 
for neutniliiiing the inin<*ral acid.* 

Reaction. 2AK'b+(iH()II =2.\U()H),H5Hri and 

«lI(M+GNaN( h -<>Na( )+:{Nt )+3N(),. 


Precipitation of Aluminum as a Phosphate 

Principle. This jirocedure, developed b 3 ’^ t’arnot,* is of special value in 
determination of aluminum in iron and steel. It is founded on the reaction that 
aluminum is j)reeii)itated as the neutral phospliati*, from a boiling solution faintly 
acid with aeelic aeid. Iron, reduced to the ferrous condition by addition of 
sodium h 3 'posulpliite, does not interfere. 

Procedure. A sample of 10 grams of iron or steel, in a platinum dish, covered 
with a piece of )>la1inum foil, is dis.solved by adiUtion of h 3 'drochlorie acid. 
The solution is diluted to about 100 ce. and filtered into a flask, the residue of 
carbon, silica, ote., is waslied thoro«ghI,v and tlic filtrate is neutralized by 
addition of ammonium h.ydroxuh* and ammonium carbonate; no permanent 
precipitate should form. A little sodium hyposulphite is added, and when 
the liquid, at. first violet, becomes colorless, 2 or 3 cc. of a saturated solu- 

' MeflKwl by Ch.-meel, Comi)t. rend. (IS.W), 4C, {)S7. 

*.l. .\m. t'h. Soe., 19, 4H4 (lSf)7). The method may Ihj found in Treadwell ami 
Ilsdl “ Quant itafive Analysis," Ith ed., p. S.*). 

» A. Carnot, Moniteur Seientifiqiu*, 1S9I, p. 14. 
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tion of sodium phospluitt' and ft or 0 grams of sodium acetate, dissolved in a 
little water, are added. Tlie solution is l)oiled until free of sulphurous aeid odor 
(about three-(|Uarters of an hour), d'lie solution is filtered off from the pre- 
cipitated aluminum phosphate (mi.xed vvilh a little siliea and b'rrie plio.si)hate) 
and washed with boiling wat('r. "^riK* nit‘eipitat(* on the tiller is trea1(*«l with hot 
dilute hydrochloric aci<l the filtrate <-aught in a. platinum dish, and then eva[> 
orated to drj-ness and hcati'd at 110“ for an hour to deliydrate silica. The 
residue is taken up with <lilnte hydrochhjric acid and the .solution liltered free 
of siliea. Upon dilution to about 100 cc. with cold water, the .solution is neu- 
tralized as before, a little hypo.suli)hit«‘ is ;idd(‘d to th<* cold .solution and then 
a mixture of 2 grams of sodium hy|)osulphite and 2 grams of .sodium acetate. 
The material is boiled for half an hour or more, liltered and the aluminum phos- 
phate r(*.sidue washed with hot water, tluai dried, ignited and w(‘ighed as aluminum 
phosphate. The re.sidue contains 22. HK v, .-M. 

AIPO 4 XO .2219 - Al. A1P()4X0. I I.S.5 - ,\b()s. 

Note. Properties of .^ 1 * 04 , 122.lt: sp.f/r., 2..5i); infusible, insoluble, in IIiO 

and in lIC 2 Hs< 's, soluble in mineral acids and in aikali*‘s; white, atnorphoas salt. 

Precipitation of Aluminum as Aluminum Chloride^ 

Principle. Gooch and Havens found that aluminum chloride is practically 
insoluble in a mixture of concentrated hydrochloric acid and etlwir saturated with 
HCl gas, 5 parts of AlUls.till-iO ecpiivalent to 1 part of .AbO* (lLs.solving in 125,000 
parts of the mixture. The method .serves for a .se])aration of aluminum from 
iron, berillium, zinc, copper, m(*reur,v and bismuth, the ehloride.s of these ele- 
ments being soluble umU'r the above' conditions. Jhiriuin, however, is precipi- 
tated as a chloride with aluiniiiuin, if it is pn'senl in tin* .solution. 

Procedure. To the concentrated a(iueou.s solution of aluminum is a*lded 
a convenient volume of strong liyelroehloric. acid (15 to 25 cc.) and an eejual 
volume of ether. The mixture is best placed in a large platinum crucible, 
which is kept cool in running w.'iter. IK '1 gas is passed into the solut ion to 
saturation. The p:t eipitated eldoride of ahiininum is filtered upon asbe.sto3 
in a weighed Gooeh crucible and then washed with a mixture of ether and water 
1:1, saturated with IIUI gas. Tin* preeijntate is drh’d for half an liour at 150“ 
C., then covered with a laj'cr of ('.P. mereuric oxide (1 gram) and heated at first, 
gcntlj' over a low' flame (liood) and then bla.st(‘<l to constant weight. The 
residue is weighed as AbOa. 

Notes. H(M gas is generated liy dropping strong sulphuric acid into concen- 
trated hydrochU»ric aeid aeeordiiig to th«* procedure <Ieseril)ed under flie <letermina- 
tion of arsenic l)y volatilization as ar.s(«niou.s eldoride. 'i’lu* gas may be produced 
in 'a Kipp generator by the jietion of eoneentrafed .sulphuric aeid on iimmoniutn 
chloride. 

The filtrate from aluminum contains iron, berillium, eop|)er. ziue, etc., if these 
are piesent in the origituvl solution. If mueh iron is present it is neee.ssary to inentase 
the amount of other to prevent jinTipitation of the ferric salt. 

' 1*’. A. fiiMM'h and K. S. Havens, ,\m. .Jour. Sei ( 1;. 11, -tHi. 1'’. A. Gooch “ Method.s 
in Chemical .Analysis.” 
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VOLUMETRIC METHODS FOR THE DETERMINATION OF 

ALUMINUM 

Volumetric Determination of Combined Alumina in Aluminum 

Sulphate and Aluminum Salts 

Introduction. Aluinitiuiu siilts dissociiUo in liot solutions Jind roact <acid to 
phenolphthalcin indicator; tlic acid r<‘adily coml lines willi fix«'d alkalies, forming 
the neutral alkali salt. The end point of the reaction is italicated by the pink 
color produced upon ])honolplithalein by tli(‘ excess of alkali. From tlio amount 
of caustic nHpiired the pi'rcentage of combined Al^Oj may be calculated. The 
following reaction takes plac<‘: 

AbfSOda -f-bN'aOII =2Al(Oirb+.‘l\a,S()4. 


Procedure. 'Flic factor weight,* .‘{.-KMiT grams, is dissolved in a 4-in. casserole 
with 100 cc. of distilk'd water, 1 cc. of i>h<moli)hthalein indicator atlded, and 
the sample titrated boiling hot - with N, 2 NaOll, adiled from a chaml)er burette, 
graduiited from 50 to 100 cc. in tenths of a cc.* The solution i.s kept boiling 
during the titration and is constantly stirred. 'I'owards the end of the reaction 
the alkali is added cautiously drop by tlrop until a pennaneni pink color is 
obtained. 

Cc. of NaOII required divided by 4 =per cent combined AlaOj.* 

Combined AUOs+free AUG* = total AUOs. 

Notrs. If iron is present .a correction must be made for it afU'r det.crmining the 
ferrous and f«*rric forms as given below. 

The amount of phenolphtlialein intlieator use*l slionld bo the siitiic in each deter- 
mination. An cxec'ss of indhaitor causes low results. It ha.s been noted in case of 
alums where iron does not interfere that l)est residts arc* obtained with three or four 
drops of phenolphtlialein solution. Iron teiuls to mask the end point, hence a larger 
amount of indicator is neee.s.sar 3 ' if this is iiresent. 


Correction for Iron if Present. Since iron salts will also dissociate and 
titrate with aluminum salts, by this mi'tliod a corn'd ion has to be made for iron 
if present. Total AM >3 in pn'sence of iron ^ 

combined AI2O3 — (FcOX.17 -HFcjOiX.OG+basic AMb-Han additive factor. 

The additive factor is obtained by subtracting 

(Combined AMls+basic AI2O3) — (FoOX. IT-t-FoaOsX.tU) volumetric, 
from total AI 2 O 3 obtained by gravimetric analysis of an average sample. 


* Large samples must be taken for salts eont.aining less than 13 per cent AUOs if 
the chamber burette is to be used. lO.g., potash alum twice this amount is advisable. 

* Otto Schmatolla, Ih-richte, xxxviii, No. 4. C. N., 91-2375 236 (1905). 

* If free acid is ]>resent (see next iiielhotL, the equivalent volume in terms of •* N 
acid must be deducted from the total titration fur coiiibiiied alumina before dividing 
by 4. 
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Ferrous Iron, Ferric Iron, and Total Iro* a five-gram sample is dis- 
solved in water and the iron oxidized with a few drops of strong potassium 
permanganate solution; the solution shouUl he pink; the excess of permanganate 
is destroyed by a drop or so of normal oxalic acid solution and the total iron 
determined by stannous chloride solution method for iron. On a sc'parate 
sample ferric iron is detenniiietl. Ten grams of the sumj)le art’ dissolved in an 
Erlenmej'er flask by boiling with hydrochloric acid, 2 : 1, in an atmosphere of 
COi to prevent oxidation, and the iron titrated with standard stannous chloride. 
The difference between total iron as and ferric oxide = ferrous iron in terms 

of FcaOi. This multiplied by .9 = FcO. 

Combined Sulphuric Acid 

Provided no free acid is present, the i)er cent combined sulphuric acid in 
aluminum sulphate is obtained by imdtiplying the ce. caustic titration for total 
alumina by 0.72. ^ 

In ca.se free acid is prescuit, the per cent free acid deducL('d from total ucld 
found by titration givi's combined acid. 

Sulpliuric acid combined with the fixed alkalies is not titrated. 

Determination of Free Alumina or Free Acid by the Potassium 

Fluoride Method 

Introduction. The method suggested by T. J. I. Craig (J. S. C. I. 80, 
185), has been modified by the author,* after a personal investigation of the 
details involved. In this modified form it has been us('d successfully as a rapid 
works method. Frequent gravimetric checks on a large number of determi- 
nations have shown it to be accurate. 

The procedure is based upon the fact that an excc.ss of neutral potassium 
fluoride decomposi's aluminum salts, forming two stable conxpounds, which react 
neutral to phenolphthalein, while the free acid remains unaltered, the fol- 
lowing reaction taking place: 

Al,(S04),+12KF-i-xILS04=2AlF,:iKF-f-3K2S04-|-xH,S04. 

The precipitate AlFjSKF is insoluble in an excess of the potassium fluoride 
reagent and is not appreciably attacked by acids or alkalies. Although 
theoretically about 7 parts by weiglit of potassium fluoride is sufficient to com- 
bine with 1 part of aluminum sulphate, in practice it is advisable to use twice 
this amount. 

Reagents Required. Italt Normal solutions of sulphuric acid and potassium 
hydroxide, (sodium hydroxide may be used.) 

Phenolphthalein Indicator, 0.1% alcoholic solution. 

Potassium fluoride solution; made by dissolving 10()|) grams of potassium fluoride 
in'about 12(K) cc. of hot, COj-free water, then neutralizing the 8«jlution with hydro- 
fluoric acid or potassium hydroxide as the reagent may ref|uire, using 5 cc. of pheiiol- 
phthalcin as indicator. Dilute sulphuric acid may be used in phujc of hydrofluoric 
acid in the final acid adjustment to get a neutral product. One cc. of the solution 
in 10 cc. of COj-free water should apjwar a faint pink. I'he concentrated mix is 
filtered if necessary and then diluted to 20(K) cc. with C02-free waU*r. The gravity 
will now be approximately 1.32 or about 36'’ B€. One cc. contains 0.6 g. potassium 
fluoride. 


‘ W. W. Scott. 
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Method of Procedure 

Solids. 3.4007 g. of the fiiu'ly ground siimplo, or an equivalent amount in 
solution (100 cc. of sample eonlaining 31.007 g. per liter), are taken for analysis 
The powder is di.s.solved hy boiling with 100 ee. of distilled water in a4-m* 
casserole with eloek gla.ss cover. 'Fo the hot solution 10 ce. of .\ /2 ILSOiare added* 
and after cooling to room temperature, 20 ° C., 18 to 20 ce. of the potassium 
fluoride reagent are added and 0.5 ce. of phenolplitlialein. The solution s now 
titrated with K/2 Kt^ll, aild<‘d drop by drop until a dcjlicate pink color, per- 
sisting for one minuter, is obtained. This titration shows whether the product 
is basic or acid. 

Basic Alumina. Thi.s is indicated when th(! alkali baek-titration is less 
than the amount of acid added. Free Ab0.i -(ec. II 2 SO 4 — ce. K()Il)-i-4. 

I Free Acid. In case the back-titration of the alkali is greater than the cc. of 
Jcidadded, free acid is pri'sc'iit. Free acid = (cc. KOll — cc. IlaSOd X0.72. 

Liquors. In works control it is nece.ssary to t(‘st the concentrated liquors 
to ascertain whether these* are basic; or acidic. Tlie B 6 . or sp.gr. of the sedu- 
tion having bec'n taken, 5 cc. is dilutcnl to 100 cc. with distilled, COj-free water. 
If II2S is pre.s(*nt, it is e.\j)elled by boiling the; solution, which should be acid, 10 
cc. of N /2 II2SO4 is added, the solution coole*d, and KF and pheuolphthalein 
added and the titration made as in case of solids. 

If basic (cc. Il 2 S 04 -ec. KOH) X (.0245 X. 3473 X 100) -i- (oXsp.gr.) =A1.A. 

If acid (cc. KOll — cc. H?S 04 X 2 . 45 ) 4-wt. of .sample =per cent fi*ee acid (II2SO4). 

If neutral, the back titration of the alkali is the same as the cc. acid 
added. 


Notes. COj-free water must always be used w'hcn phcnolphthalcin indicator is 
neceasary. This may be obtained by boiling distilhKl water for several minutes to 
expel C()2. This reagent is very sensitive to carbonic acid. 

If the sample does not dissolve clear, a prolongecl digestion with ])rcvious addi- 
tion of the rcquircrl amount of standard acid, 10 cc., is advisable. 3’his is best 
accomplished in an Earlnnieyer fla.sk with a return condenst'r. 

Darkening of the .solution during the back titration with the alkali, indicates that 
an in.sufflci(‘nt amount of fluoride has been .added. If tliis is the case it will be neccasary 
to make a fresh determination. 

The fluoride method has the following .advantages. Detenninations may be inarlc 
by gas or electric light. The end point is ea.sily detected. No neutral standard isnec- 
c.ssary .as in ease* of the tint method. 

Ainmoniiun salts, if pre.sent, mu.st be expelled by boiling the samide with an excess 
of standanl KOll and thi.s excess deteriniinxl. 

3.4()()7 = 2.45225 X .3473X1 (i.e. gms. lls.S( >4 ])cr 100 ce. N /2 acid inullii)lied by 4 time.? 
factor to eipiivalent AlaOs). Derived directly from mol. wt. of Al2()3 = (..1022Xl(M)X4) 
-7-(GX2). 0.72 = 2.S7t)2-r4 (i.e. factor Al-Oj to HjSOi-f-d). 

'I’hn m.ain details of the above volumetric procwlures were workcnl out at the Laurel 
Hill Liiboratory, General Ghcmical Company, and .are publishe.1 by courtesy of this 
company. 

13ie'a\ithor is indebted to Mr. \V. S. Allen for his criticism, and valuable suggestions 
in the volumetric procedures for determiiiiiig ahmiina.j 
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Detection and Colorimetric Estimation of Minute Amounts of 
Aluminum with Alizarin S. - Atack’s Method ^ 

The used is a 0. 1'.'o filteml solution of coiutiK'rcial ali/iiriii S, tlie 

sodium suit of :ili/<*iriu moiiosulphonic jicid (ycsllow witli urids, jmrpK' witli 
alkalies). 

Test. T o 5 CO. of th(? iK'utrul or acitl solution under ('\:uninali(^n is .‘idd(‘d 
1 ce, of the reiiK<*>it, and then ammoni.u until the solution is alkaline, as shown 
by the j)ur|>le eolor. '^I’he solutirni is hoik'd fra* u f«'w monu'nts, allowed to 
e<K)l, and then aei<liti('«l with dilute jieetie a<‘id, when red coloration or jint- 
eipitato remaininf; is coticlusi^-e evid(‘nc(j of the presf'Jicc; of aluminum. 'FIk' 
red calcium, sti'ontium, harium, zinc and magnesium salts, and salts of otlu'r 
metids later than (irou|) II jire readily soluble in cold dilute acetic acid, and di 
not interefen? with the color.-ition. , 

Phosphides or chrominm do not interfere ami comparativi'ly larfre iimonii>.> 
of iron iniiy he jiresent (().()();{ milli^r:im AI in ])res('nce of I milligram ferric iron, 
10 milligratns chi’omium .salt). In presence of gn'.ater ((uantitii's of iron citric 
acid is iidded t«) keei> this in solntion. 

Delicacy of the Test. One part of aluminum may Ih> doteetol in 10 million 
psirts of water. 


Quantitative Estimation, Colorimetric 


Procedure. The original solution (5 to 20 cc.) is acidified w'ith hydro- 
chloric or sulphuric acid. 'I'en ee. of glyc(*rin and o (•<•. of a 1% solution of 
alizarin S arc added, the solution made up to about 10 ce. with water (in pres- 
ence of much iron or chromium citric aciil is add(‘d to form the double eitrates) 
and then rendered slightly ammoniaeal. After standing for five minutes, the 
cold solution is aeidifietl with <lilute aeetiej acitl, the alizarin H acting as imlicator 
(red coloration) until no further change in tlie coloration occurs. The liquid 
is then matle up to 50 cc. and compamd with a standard. Suitable amounts 
t)f aluminum for estimation are 0.00.5 to 0.0.5 milligrams, the solution under 
examination being suitably diluted if necessary. 


BAUXITE ANALYSIS ^ 


Characteristic bauxites JbO SiO* Fc^Oj AhO* TiO* 

Arkansas 6.4% 1.43% 87.3% 3.99% 

Georgia 36% 9 1.5 1-14 42-62 1.8 2.3 

Tennessee 27.6 18.4 4.1 49.9 


Sampling. The bauxite received in cjirs is sampled during the tinloading 
according to the stamhu’d proct'dure for ores. If the .sample is a composite 
aliquot parts of the tot:il w'C'ights are taken and mi-xed, e.g., supi)o.se three cans 
contained respect iv<'ly 2.3,(K)0, 32,.5t)t), and 26,.3-10 pounds, th<‘n the aliquots 


> F. IV. Atack, .lour. Soc. (’hem. liid.; »4, 936 (191.5); (’. A. 9; 23; 3186 (191.5). 

Hauxitc' is the only ore of :iluiiiimim of comniercial iriiportanee. Pure alumina, 
corundum, is too viilusihle for commerciiil us<‘. (’lay, the most abundant of alumitia- 
bearing suhshanccs, may eventually he us<'«l .as a se)urc»‘ for aluminum, but, by the 
present methods of extraction, the alumina, from clay is nut commercially available. 
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Would 1)0 23, 32.5 und 20.34 poiuids, avIucIi ini.xod, would make a, representa- 
tive samplt* of llie sliipiiierit. ilu; ore is broken down, ({uartered, ground down 
and again (luartonal. The inoistun! is determined on KMMJ grams, dried in 
the oven at 100^ (y. for oik* hour, the sampli; being spnvad out on a sheet of 
nianilla pap(M’. lh(‘ dried sample is j)!ac(*d in ii large bottle for analysis. 

Procedure for Elvaluation of the Ore. A nn'thod for obtaining in solution 
the av.'iilable alumina and soluble eon, stituenl.s of bau.xitc! has b(*(*n given under 
Preparation and Solution of the Sjimple, 

Insoluble Residue. 4'h<‘ residue on the filter paper is ignited in a plat- 
inum dish over a low llann* until the paper ehars, and then over a good .Meker 
bla.st for 15 to 20 minub's. 

Weight of llie residiieX20 = per cent in.sohible residue. 

Soluble Alumina. 100 ec. of the above .solution (O.o g.) is diluted with an 
cuual volume of water. 10 ec. of hy<lroehloric and 2 ec. of nitric acids added 
id th(* solution boiled. Iron and alumina arc now precipitated and deter- 
01 the usu;d way. 

"Soluble Iron. 200 cc. of the solution (1.0 g,), is oxidized by adding a 
few cry.stals of potassium chlorate and the solution taken to dryne.ss. The 
residue is taken up with 10 to 15 ce. of concentr.ated hydrochloric acid and again 
evjiporated to dryn(*.s.s to expel chlorine. Tlaai tak<*n up Avith 25 cc. hydro- 
chloric acid and the iron determined by titration. The stannous chloride method 
is us('d for samples containing lcs.s than 5% iron and the dichromate mctho<l 
for OK’S containing over 


Determination of Total Silica, Titanium Oxide, Ferric Oxide and Alumina 

The inetho<l by the Aluminum Company of America is to digest 1 gram of 
the dried bauxite in IK) cc. of an acid mixture containing 12 parts of dilute sul- 
phuric acid, 1 : 3, together Avith 0 parts of strong hydrochloric acid and 2 parts 
of nitric by volume, to this are added 10 cc. of concentrated sulphuric acid. 
The mixture is heated until sulphuric acid fumes are evolved, then diluted Avith 
water and filtered. 

Silica. The residue is ignited and the ash fused Avith potassium bisulphate. 
Tlie cooled fusion is taken up Avith 5 cc. sulphuric acid and 20 cc. of Avater and 
digested until only .a Avhite residue r<;maiiis. This filtered olT, washed and 
ignited =Si() 2 . 

Titanium Oxide. This is b<'st determined colorometrically on a 0,1 gram 
sample according to the proci'dure outlim'd in the chapter on Titanium. 

Iron and Al umina . These are (.let«‘rmin('d by the usual procedure; — oxida- 
tion Avith potassium chlorate, preci])itation with ammonium hydroxide ami 
ignition. Iron may be determined in a separate sample (100 cc. =0.5 g.) 
by titration. Ab03= difference between Aveighed oxides and FcjOi, after sub- 
tracting Ti02 if present. 
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DETERMINATION OF ALUMINUM IN IRON AND STEEL i 

The method is especially adapted for deterniination of aluiuiniuu hi iron and 
steel, but may be extended to iron ores an<l materials high in iron. 

Procedure. Solution. 'I'en grams of iron or ste(*l are tlissolved bj' adding 
about 50 cc. of hot hydrochloric acid, 1:1, preferably in a platinum dish, covered 
with a platinum foil. 

Precipitation. When the solution of iron is complete, it is diluted to 
about 100 cc. and filtered free of earbon, silica, etc. Two grams of sodium jilios- 
phatc are added and the solution neutralized with ammonium hydroxide or 
carbonate, tlum clean’d by hydrochlorie acid with about 1 cc. excess. I’wenty 
cc. of acetic acid are now addl’d and the .solution diluted to 300 to 400 cc. with 
hot water and, on boiling, 10 grams of sodium thiosulphate added. The .solu- 
tion is boiled free of sulphurous aiad, (no odor of SOj) about 20 to 30 minut/a 
being necessary. The phosphate is filt-ered olT and washed with hot water, 't 
is again dissolved in a little hydrochloric acid and aluminum reprecipitau 
neutralizing with ammonium hydroxide ami adding about 1 gram of sodium 
phosphate together with 10 grams of sodium thiosulphate, following the above 
procedure. The precijiitate will now be fii’o of iron. 

Ignition and Calculation. The pri’cipitate and filter are ignited wet, 
first over a low flame, tlu’n gradually increasing the heat to full blast of a 
Meker burner. The residue contains 22.H)^’o A1 or 41.85% of AbOj. 

Factor AIFO4 to A1 = .2219. 

Factor AIPO4 to AljOa = .1185. 

Note.s. Interfering substances. Chopper may be removed by HjS. Other mem- 
bers of this group will also be eliminated. 

Manganesi; and nickel arc eliminated together with small amounts of iron at the 
second precipitation. 

Titanium may be estimation colorimetrically or sefiarated from .alumina. 

Vanadium, if present, may be sejiarated according to directions given in the chapter 
on Vanadium. 

Chromium is eliminated by fusion of the mixed phosphates with NajCOj, extrac- 
tion with water, and prcidjutation of aluminum phosphate by adding ammonium 
acetate and sodium phosphate. Chromium remains in solution. 

ANALYSIS OF METALLIC ALUMINUM =2 
Determination of Silicon 

Acid Mixture: 400 cc. cone, nitric acid. 1200 cc. cone, hydrochloric acid. 
6(X) cc. cone, sulphuric acid. 1800 cc. water. 

Fusion Method 

Dissolve 1 gram of well mixed drillinp^ in 35 cc. of acid mixture using a 
41-inch porcelain dish with a 5-inch cover glass. When the drillings are com- 
pletely dissolved, evaporate the solution not only to fuming but to complete 

^ Arnold and Ibbotson, “Steel Works Materials.” Stillrnan, “Engineering Chem- 
istry.” “A Rapid Method for the Determination of Aluminum in Iron ana Steel,” 
C. N., 61, 313. “On the Determination of Minute Quantities of A1 in Iron and 
Steel,” J. K. Stead, J. S. C. 1., 1889, 956. 

* Standard Method of An.alysis of the Aluminum Company of America. By 
courtesy of Mr. E. Blough, Chief Chemist. 
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dryness, and bake. ThTs instircs the freedom of the solution from hydrochloric 
and nitric acids, and the complete dehydration of the silica. Take up the 
residue with 10 cc. 25 p(ir et'iit sulphuric acid and about 100 cc. of water; boil 
to complete solution of the sulphate, filter, wash well and ignite. Fuse the 
residue with eight to ten tinu's its w(‘ight of sodium carbonate and take up the 
fused mass in a porcelain dish witli sulpliuric acid (1:1). Kvaporate the 
resulting solution until copious fumes are evolved, which will cause the sepani- 
tion of tlic silica; dilute carefully, boil, filtc^r, wash w<‘ll and ignite in a platinum 
crucible and weigh. Treat tlio ash with hydrofluoric acid and a few drops of 
sulphuric acid; car(‘fully ignite and weigh. The dilTercnce in the two weights 
obtain(‘d aliove r<‘pres(‘nts th<‘ silicon as silica. 

Calculate tlie silica to silicon by the factor 0.1093. 

Graphitic Silicon 

. A' -tninum, sometimes if not always, contains some silicon in the graphitic 
state; this graphitic silicon do(‘s not oxidi/e to SiO-j on ignition and is not 
volatile with UK, which two characteristics distinguish it from amorphous silicon. 

To determine grajihitic silicon the mixture of Si and SiOj obtained as in the 
solution method is treated in a weighed platinum crucible with 2-3 drops of 
ICS()4 and 2 -3 cc. II K. 

The brown residue of Si remaining is strongly ignited and weighed; the 
silicon remaining is that which was in the metal in the graphitic state. 

Determination of Iron 

Permanganate Method 

Cool the fdtrate obtained from solution of the sample in acid mixture 
(see page 1(5) and reduce the iron present by passing the solution through a Jones 
reductor. Titrate immediately with a solution of potas.sium penuanganate of 
such strength that 1 cc. eqtials 0.0010 gram iron. 

In all cases the precautions given for use of the Jones reductor should be 
observed, and explicit directions given in the chapter on Iron, carefully followed. 
A blank determination is made by carrying out a regular iron determination 
with the metal sample omitted. The amount of potassium permanganate re> 
quired to give the blank a distinct color is subtracted from the amount rc> 
quired to give the same color to each reduced solution. 

The author acknowledges hi.s indebtedness to Mr. W. S. Allen, Mr. J. P. Kelly and 
Dr. P. E. Hale for review and criticism of the subject. 
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DETECTION 

Hydrogen Sulphide precipitates tin; oruii{j;e-eolon'(l sulpliide of aiitiiiioiiy 
from fairly strong hydrochloric acid solutions (1:4) in whicli several nicnl- 
hers of the group remain dissolvi'd. Arsenic, is also pn-cipitated. The lattcl 
may be removed by iHiiliiig the solution containing the trichloride, As( 
volatile. 

If antimony is already present as a suljihidc, together with other elements 
of the hydrogen sulphide group, it may bo tlissolved out by treating the 
precipitate with siHlium hydroxide, jiotassium hj'droxide, sodium sulphide, 
ammonium jiolysulphide in solution. Antimony suliihide is iTprecijiitated 
upon acidifying the filtrate. Arsenic and tin will also bo piTTijutated with 
antimony if they are present in the original precipitate. Should a separatian 
be necessary, the precipitate is dissolved with hot concentrat'd hydrochloric 
acid, with the addition of crystals of iiotassium chlorate, from time to time, 
until the sulphides dissolvi*. The solution is jdaced in a Marsh apjiaratus, ])ure 
zinc added and the evolved gases ]):issed info a neutral solution of silver nitrate. 
The black precipitate of silv<!r antinmnide and metallic silv<*r are filtered off, 
washed free of arsenous acid, and the antimonido dissolved in strong hydro- 
chloric a<‘id (silver remains insolul)Ie). The orange-colori'd antimony sidphide 
may now be precipitated by diluting the solution with water and passing in 
H 2 S gas to saturation. 

Minerals which contain antinumy, when heated alone or with 3 to 4 ])arts 
of fusion mi.xture (K.X'():i and >saA'<).t), on charcoal, yield dense white fumes, 
a portion of the oxide remaining as a white incrustation on the charcoal. A 
drop of ammonium sulphide jdaced upon this sulilimate gives a deep orange stain. 

Hydrolysis. ^lost of tlie inorganic antimony salts are decomposed by 
water, forming insolul)le ba.'^ic salts, which in turn hri'ak down to the oxide of 
antimony and fn'c acid. An excess of tartaric acid prevents this j)re<‘ipitation. 

Traces of Antimony. Nascent hydrogen liberated by the action of zinc 
and hydrochloric or suliihuric acid reacts upon antimony eonpmunds with the 
fonnation of stibine. This gas produce's a black stain on nuucurit^ chloride or 
silver .-nitrate paper. Details ()f tlni procedure are giv«;n under tlus ([uantita- 
tive method for determining miinite amounts of antinomy. 

Distinction between Antimonous and Antimonic Salts. 

Chromates fonn with antimonous salts gnxjii chromic salts and antimonic salts. 

Potassium Iodide reduces antimonic salts, free iodine being lilxwated. 

* V.'in Xosl rand’s Choin. Annual, Olsen, ltd Kd. 

* CMr. 3o, U. tS. Bureau of SlandaidH. 
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ESTIMATION 

Th« dotorminiition of antiniooy is nHiuiml in tl*c evaluation of antimony 
ores— stil)nit(?, ShuSri; valent iiiilt% SI»-»() 3 , tjte. It is jjjeiKTally required in the 
complete analysis of minerals of nickt*!, I('ad, coppcM-, silver, in which antimony 
generally o(Tiirs as a suli)hi(le. The d(it(M*mination is nHiuired in the analysis 
of liritannia metal, Ix'aring ami antifri<‘t ion metals, ty|)e metal and hard lead; 
in th(i analysis of certain mordants, antimony salts, Arnica nized rubber, etc. It 
is looked for as an iimhvsirable impurity in certain food products. 

Preparation and Solution of the Sample 

I . . 

In dissolving the substance containing antimony it must be remembered 
•./i‘tallie antimony is practically insoluble in cold dilute hj^drochloric, nitric 
or sulphuric acid and the oxides, SbjO^ or SbiOn, are precipitated in strong nitric 
acid. The element, howevc?r, is n'adily soluble in hydrochloric acid contain- 
ing an oxidizing ag(mt, such as nitric acid, })otassium clilorate, chlorine, bromine, 
etc. 'riie oxides of antimony are solubhi in hydrochloric acid and tlie caustic 
alkalies. 

Solution of Sulphide Ores, Low-grade Oxides, etc.^ 

0.5 to 1 gram of th<‘ fin(»ly ground ore, ])lac(‘d in a Kjeldahl flask, is 
mixed willi 5 to 7 grams of ammonium sulj)hate, 1 gram of potassium sul- 
phate, and 10 C(‘. of strong suli>huric acid. About O.o gram of tartjiric acid, 
or a ])i(*c(? of filtcT i)ap(T, is added to n‘duc(‘ arsenic and antimony and the mixture 
heated, gradually at tirst, and tlaai with th(‘ full Ihmsen flame. l''h(‘ luxating 

contimaal until th(‘ carl)on is <*ompl(‘t(‘ly oxidizcal and most of the free acid 
(’riven off, leaving a clean fusion from which ammonium sulphate is volatilizing. 
The melt is now cooled ovct tlie bottom and sid(‘s of the flask by gently rotating 
during tin* cooling. 

About 50 cc. of dilul(' hydrochloric acid (1:1) are added and the melt dis- 
s(»lved by warming gcmtly. ''Phe c<»ntents of the Kjc'ldahl flask are transferred 
to an MrleniiKwer flask, the Kj(*ldahl bcang rinsed mit with 25 cc. of strong 
hydrochloric acid. Arscaiic sidphide may now be j)r(‘cipitat(id with llgS from 
the strongly acid solution, wduavas antimony, etc., nanain in solution. The 
sulphide is iiltered olT through a double filter, that, has Ikvu moistened with 
hydrochloric acid (2 : I), a i)latinum cone? sup])orting the filtca* to ])revent its 
bnaiking. The flask is rinsial out. with hydrfX’hloric acid (2 : 1). The pre- 
cipitate is washed at least six lim(\s with the acid. Antimony i)asses into the; 
filtrate together with other (‘UancMits of the or<'. 

Th(‘ filtrate is dilutcal with doiibh' its volume? of warm w'ater and then is 
saturated with liydrogcai sulphide. Antimony sulphide, together wath other 
('kanents of tla? Hydrogen Sulplikh* (iroup, wall j.naapilate. 'I'liesci arc washed 
with hydrog(ai sulphide? waUa*. Antimony sidphkle may now' be dissolved by 
addition of sodium sulphide and caustic, solution (sc'paration from (M, Pb, C\i, 
Hi, (dc.) (5 to 10 cc. of a mix (»f (50 grams Xa^S Avith 10 grams of NaOII 
diluted to 1000 ec.). 

^ IVlcthod of A. II. liow nioditied. 
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The solution contiiining Iho untimouv is treated witli iilxmt 2 >?nims of 
potassiiuu sulpliatc and 10 fc. of stroii}' sulpluiria aciil and lu'alod as lu'fon^** 
to destroy liberated sulphur and expel most of the free acid. The melt is dis- 
solved in hydrochloric acid, and the antimonv titrat(‘d .‘ic<*(»rdin}; to one of tin' 
volumetric proce<lures {fiven und(*r “Voluna'tric ]\Ietl-.ods.” 

Notk. An insohihle rosidiie remainiiif' from the acid extraction of the first melt 
may be dissolvi-d by fusion with sodium hydroxide and extraction of (lie melt with licit 
water. If ti precipitate forms when this alkaline .solution is aeidilic'd with livdrochloric 
acid, the presence of barium sulphate is indicated. 

Decomposition of the Ores by Fusion with Sodium Hydroxide. 

Oxides. 0.5 to 1 gram of tlie powdered ore is iiii.xed willi aliout 10 
grams of sodium hydroxide and placed in a thin-wtilli'd iron crueihle of (•() e<*. 
capacity. It is advisalilo to fuse a portion of tlie alkiili hydroxide in the crK- 
cihle with a pineli of ])otassium nitrate and thmi add the ore niixi'd with til; 
remainder of the sodium hydroxide. The covered cmcihle is hetiti'd Up - 

fusion beeotnes liomogmieons. The melt is ])ourcd out on a large niekel crueililc'' 
cover or shallow diish. On cooling, the cake is detached and plticed in a cas- 
seniln containing water, any adhering cake on the cover, or melt re.mainiiig in 
the inin crucible, being tli.s.solv(Kl with dilute Indrochloric acid and added to 
the sample in the casserole. About .‘{0 to 10 cc. of strong hydrochloric acid an* 
now added and the mixture lietitcd (cas-scrolc covea-ed) until the melt has dis- 
solved. Two to 3 grams of tartaric acid having been added to keep anti- 
mony dissolved, the solvition is diluted to about 300 ec., and antimony is then 
precipitated as the sulphide with hydrogen sulphide. The treatment of the 
precipitate at this stage has been given in the “Solution of Suli)hide Ores.” 

Sulphides. Howard and Harrison ^ recommend the following procedure 
for fusion of sulphide ores with caustic: 0.5 gram of the powdenwl ore is fu.sed 
with a mixture of 8 grams of .sodium carbi>nate and sodium peroxide, 1:1, 
in a nickel crucible. The C(K)led melt is dissolved with sufficient hydrochloric 
acid to neutralize the alkiili ami about 15 cc. of strong acid added in excess. 
The solution is diluted to 250 cc., antimony binng kept in solution by iiddition 
of pota.ssium chlorate. An uii(|Uot portion of the solution is taken, antimony 
reduced by metabisulphito and titrated with ioiline. 

Treatment of Speisses, Slags, Mattes, etc.^ 0.5 to 2 griuns of the 
sample is treated with 10 to 15 ci;. of stmng nitric acid iuid the mixture tiiken 
to ilryness. Fifteen ce. of strong hydrochloric iicid iirc added iunl tlic' sam|)le 
transferred to a 350-cc. flii.sk, additiomil liydrochlorii! iicid being u.s('d to w;isli 
out the beaker. Arsenic is jirccipitiited from the strong acid solution as the 
sulphide, and antimony determineil in the filtrate. 

Solution of Alloys. Alloys iire generally decomposed by trciitment with 
mixtures of hydrochloric iicid together with an oxidizing agent nitric acid, 
potassium chlorate, bromine, etc. I'he subject, is ttikeii up in detail iti the cluipter 
on alloys. 

The alloy drillings are treated with stnmg hydrochloric iicid, a little liro- 
mine added, and the mixture hctib'd until the iilloy dissolves, additional biomine 
being added from time to time if nece.s,s:iry. The e.xcess bromine is removed 
by heating gently to boiling. The higher oxides iirc reduced by udditiou of 

‘ Phur. .lour., 190<), S.% 147. 

* H. E. Ilooiier’s method. 
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sodium metahisulphite and tlio sulpliidos precipitated, as usual, with hydrogen 
csulphide. Arsenic may now l)e volatilized l)y boiling, aiul antimony titrated 
with iodine or i)otassium broniate. 

Alloys of Antimony, Lead and Tin. 0.5 to 1 gram of the finely divuled 
alloy is warnu'<l with 100 ec. of strong hydrochloric acid until the ai’tiou sub- 
sides. 8olid iodine is now added, in small (luantities at a time, until the alloy 
completely tlissolves. The excess of ioiline is now removed by boiling and the 
small amount of free iodine remaining neutralized wit h a fi'w drops of a weak 
solution of sodium thiosulpbate. Although tin is oxidized to the higher state, 
antimony is not oxiilized by iodine in acid solution beyoml the trivalent form, 
'^riie solution may now be titrated with .starulard iodine in pre.sencc of an excess 
of sodium bicarbonali* ac‘eor<ling to the procedure given under the volumetric 
methods. 

> Hard Lead. The nietho<i of solution ami titration are given under “Potas- 
f lUm liromate Alethod for Determining Antimony.” 

Antimony in Rubber Goods.' Thriie grams of the finely rasped rubber 
are tmated in ji Kjeld.ahl flask with 10 to 4.") cc. of strong sulphuric acid. A 
.small quantitj’^ of mercury or mercury salt is add(‘d, together with a small piece 
of ])arafHne wax. The mixtum is lu'ated until the rubber is di.«solved and the 
black licpiid begins to chair, 'fwo to 4 grams of ])ota.ssium suliihtito are then 
added and the hciiting continued until a colorle.ss or ])jilo ja'llow liquid is obtaineil. 
After cooling, 1 to 2 grams of potassium m(>t:ibisulphite are ailded and an exce.ss 
of tartaric acid. 'Pho litpiid is ililuted sufficiently to pivvent the charring of 
the tartaric acid and boihxl until the oilor of sulphurous acid has disappeared. 
A few cc. of dilute hydrochloric acid are addl'd, the liquid diluted to 200 cc., 
filtered through a dry filter, and 105 cc. titrated either with iodine or with 
potassium bromatc (the latter in acid solution), as described under the volu- 
metric procedures. 


SEPARATIONS 

Separation of Antimony (together with Members of the Hydrogen Sul- 
phide Group), from Iron, Chromium, Aluminum, Cobalt, Nickel, Manganese, 
Zinc, the Alkaline Earths, and Alkalies. The acid solution of the elements 
is saturated with hydrogen sulphide, the elements of the Hydrogen Sulphide 
(Jroup are ^irecipitated as sulphides, the other elements remaining in solution. 
Antimony sulphide may be precipitated from an hydrochloric acid solution con- 
taining 15 ec. of sti-oug acid iier 100 cc. of .solution; lead and cadmium are 
i ncom I iletely jjreeipitated. 

Separation of Antimony (together with Arsenic and Tin), from Mer- 
cury, Copper, Bismuth, Cadmium and Lead. Thu sulphides of antimony, 
arsenic, and tin are soluble in a mixture of sodium hydroxide and sodium sul- 
phide, the soluble sulpho salts being formed, mercurjq copper, bismuth, cadmium, 
and lead remaining as insoluble sulphides. The following jirocedure may be 
used for alloys free from members of other groups. The acid solution is treated 
with 3 to 5 grams of tartaric acid and diluted slightly (more tartaric acid being 
added if the solution becomes turbid), then poured into 3(X) cc. of a mixture of 
sodium sulphide and sodium hydro.xide (150 cc. of the mix described under 


^W. Schmitz, Chem. Zcntralbl., 1911, ii, 1710. Analyst, 1912, p. 64. 
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“Solution of Sulphide Ores” dilutt'd to .‘M)() cc.). 'Pho niixturo is wanned and 
the insoluMn sulidiides allowi'd to setthr «iut. 'I’lio solution is tiiteml free of* 
the pm-ipitato and the latter washed. The filtrate is aeidilied with hydro- 
chlorie or sulphuric acid and saturated with hydro}f<Mi suli)hide. 'I'he sul- 
phides of arsenic, antinion}' and tin are now liltereil off and treated as described 
later. 

Separation of Arsenic, Antimony, and Tin. 'I'he suli)hides may he tlis- 
s<»lved in concentrated hydrochloric achl by addition of j)otassiuni chlorate to 
o.xidize the sulphur to sulphuric acid. This oxidation may be effect(‘d in the 
alkaline solution of the sul])h(» salts by addition of liydrosen peroxid<! 

in small |)ortions until the yellow .scdiition is comjdetely (h'colorized and tlum 
1 to 2 cc. in excess, the solution then hoileil to comi)letely oxidize the sul- 
phides to sulphates and to remove the excess of peroxide. 'I’he solution is 
then acidified, tlie precipitathm of the sulphides and the suliseijuent filtmtio^ 
and resolutioix ladng avoided. \ 

Removal of Arsenic. This may be accomplislu'd by volatiliziii};; arsenti*“ns-*^ 
arsenic trichloride! in a stronjf liyelrochloric solution by boiling. If arseaiic is 
to be determined the jmicedun! }i;iv«‘u umler the chai)ter on arsenic is followed, 
the arsemic being elistilhsl in a current of hydrochloric acid gas. If arsenic 
is not desiroel it may be ex|X‘Il<Hl by reducing tlie solution with sexlium meta- 
bisidphitc or potassium iodide and boiling. Antimony and tin remain in the 
concentrated acid solution. 

The seimration of arsenic fr<»m antimony and tin may be effected by rt!inoval 
of the former in a strong hydrochloric aci«i solution as described under the section 
“Preparation and Solution of the Sample,” arsenic being ])recipitated by hydrogen 
sulphide, whereas antimony and tin remain in solution. 

Separation of Antimony from Tin. rp<!n tlu! removal of arsenic, anti- 
mony may be determined tlir(>ctly in the presence of tin by one of the volu- 
metric methods given lat(!r. If a gravimetric separation is desired, it may 
be made acconling to a modification of ('lark’s method, ' wixich dejK'nds upon the 
fact that antimony is completely precipitated from a solution containing oxalic 
acid, by hydnxgen sulphide, whereas tin is not. The tin must Ixj in the stsinnic 
form, otherwise the insoluble crystalline stannous oxalate will form. 

If the mixture is acid, it is neutralized with caustic and twenty times the 
weight of the Hn and Sb presemt added in excess, e.g., 2 grams potassium 
hydroxide in excess for eveiy 0.1 gram of tin and antimony jxresent in the solu- 
tion. About ten times as much of tartaric acid is now added as the maximum 
weight of the two metals, followexl by 30^,', hydrogen jxeroxide to oxidize the 
tin. The excess of jxeroxide is removed by boiling. 'I’o the slightly cooled 
solution a hot solution of ])ure oxalic acid is added, 5 grams of oxalic acid for 
each 0.1 gram of the mixed elements. ('O.-I-Oa are e.olved. The solution 
is boiled for about ten minutes and the volume made up to about 100 cc. 
Hydrogen sulphide is rapidly ])assed into the ])oiling solution until a changes 
from a white turbidity to an orange color tak<!S ])laco and antimony begins 
to precipitate. The pas.sage (>f the gas is continued for fifteen minub's, the 
solution diluted with liot water to a volume of 250 cc. and hydrogen sulphide 
pas.sed into the boiling sixlution for another fifteen minute.s. The flame is now 
mnovctl and the 11,8 “ gasing ” continued for ten minutes longer. The pre- 
cipitated antimony jxxntasulphide is filtercvl off in a weighed (looch crucible. 

'The Original procedure may be found in Chem. News, Vol. XXI, p. 124. 
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,‘It nijiy bo (loiorinitU'd griw iiii<>trirjilly ns sicrordiiig to fho pnwodiiro 

giv(MX liitcM', by washing with 1',', oxalic acid and diliito a(*oti(! acid, by d(‘can- 
tation, the s«)lutions being hot axid saturated with liydrogeii sulpliide. Tho 
j)reci])italc washed into tho criicil)I() is dried in a current of i'0> at a boat of 
‘2S() to and weighed as Sb,S,. 

Till may bo d(!termined elect rolytically in tho filtrate evaporated to about 
lot) cc., tho oxalic acid being nearly neutralized with ammonia. S (!0 Kloctro- 
lytic Determination of 'I’in. 

Antimony may ho si'parated from tin in a hot hydrochloric acid solution 
by addit ion of pure iron. 'I'ln' iron and tin sulphides are dissolved in concentrated 
hydrochloric acid jilus a few crystals of potassium chlorate. Tho solution 
should contain about Jlir,', h,\ drochlonc acid, more hyilrochloric acid being added 
as tlio iron dissolves, .\ntimony is ])ri>cipitated as a metal. 


QkAVIMETRIC METHODS FOR THE DETERMINATION OF 

ANTIMONY 

The accuracy aiul rajiidity of A'olumetric methods for the determination 
of antimony leave little to bo desired in the estimation of this element, so that 
tho more tedious gravimetric, methods are lo.ss freipiently used. Tho following 
proce(lurc.s arc given in view of possible utility in certain analyses. 

Determination of Antimony as the Trisulphide, 85283 ^ 

Although hydrogen sulphide passoil into a cold solution tends to precip- 
itate Sb.St., in hot strongly acid solutions, the lower sulphide, SbaSa, tends to 
form. 'I'lie higher sulphide is decomi)o.se<l at C'. with formation of Sb.aS.n 

and the volatilization of sulphur. A temperature* of 2St) to 3t)()“ is even more 
favorable for this transformation. The method taki‘s advantage tif these con- 
ditions for formation of antimony trisulphule, in which form it is weighed. 

Procedure. The solution of antin ony, fi\ e from ar.seiiic, is treated in an 
Erlenmeyer flask with strong hyilrochloric acid until the solution contains about 
20*/( of the concentrated ai'id. The mixture is heateil to boiling and a slow 
current of hydrogen sulphide is passi'd into tlui hot solution until the jirecipitate 
passes from a yellow color through an orange and finally becomes a dark red 
to black color. The flask is agitated gently to coagulate the jirecipitate, which 
.settles in a crystalline form. The solution is diluted with an eiiual volume of 
water, washing ilown the walls of the flask. A slight turbiility is generally 
seen, due to ])recipitation of a small amount of antimony that remains in solu- 
tion in a .strong acid solution. H-S is now passed into the diluted solution 
until it becomes clear, thirty-live to forty minutes are usually sufficient to pro- 
cijiitate all of the antimony. The? iirecipitate is tran.sferred to a w(‘ighed OiHich 
crucibh*, washed with .small portions of xvater containing hydrogen sulphide, 
and finally with pure water. 

It is a conunon jiractice, at this juncture, to ivasli the precipitate with car- 
bon disulphide or carbon tetrachloride to remove precipitated sulphur. Alcohol 
is now used, followed by ether, and the precipitate sucked dry. 

* Method of Vortinanii and Metzel modified. 

•Paul, Z. anal. Chein. 81, 640 (1892). 
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The Gooch crucible is ijlaced in ii large combustion tube and heated in a 
current of dry, pure (X)j at 130“ C. f(»r an hour. The temperature is iu)w, 
raised to 280 to ^0° (’. and tlie heating continued for two hours. The residue 
will consist of pure SbjHs. 


S<b,83X0.71 12 = Sb, or SbAX0.S568 =Sb 203 . 


Notes. Antimony may be determined by oxitlation of the Hiilphid(; i)recipitatc 
by means of fuming nitric acid. 'I'he mixture evui>orato<l to dryness is ignited and 
the residue weighed as iSb*() 4 . The tcmjwrature of tlie ignition sliould be between 
750 to 800® C. The volatile trioxide forms at a little above 050°. 'I'he i)ro(!edure 
requires greater care than the sulphide method and possesses no advantages. 

Pure carbon dioxide may be obtained from limestone placed in a Kipi) generator. 
The gas is dried by passing it through strong sul))huric acid. It should be free from 
oxygen of the air. It Ls advisable to sweep out the air from the generator before 
attaching it to the combustion train. The air in the tube is swept out with carbon 
dioxide before heating the sample. 

I’rofierty of SbjSj, ih.uk, .‘WG.til; sp.gr., 4.(i5; fusible and volatile; sohibility,^ 
0.000175 gram per 100 cc. HjO; decomposed by hot tbO; soluble in alkalies, NH4HS, 
KjS, cone. H(X. 


Electrolytic Determination of Antimony ^ 

The chief condition for the success of the electrfdytie deposition of antimony 
in metallic form is tlie absence of polysulphides, since these substances pi-eveiit 
the element from being deposited, 2Sb+3Xa2S2 = 2\a3SbS.i. The formation 
of ])olysulphidos may bo preventeil during electrolysis by addition of i>otassium 
cj'anide to the solution,* Na-iSa+KCX =Xa 2 S+KCXS. 

The results f)f this method, according to K. Ilenz,* an‘ invariably 1.,') to 
2% too high of the total antimony present in the solution. Treadwidl and 
Hall recommend .subtraction of a constant factor of I.G% of the weight of the 
antimony dei>osited. The sample for analysis should contain not over 0.2 gram 
antimony. 

Procedure. Antimony precipitated sus the sulphide is washed and then 
dissolved off the filter by pouring pure sodium sul))hidn .solution (sp.gr. 1.14) 
over the jirecipitate, the solution Isung caught in a wi*ighed platinum dish, 
with unjxilished inner surface, 'i'he total volume of the solution should be 
not over 80 cc. (if less than this, additional NajS solution is added to make 
up to 80 cc.). Sixty cc. of water followed by 2 to 3 grains of potassium cyanide 
(C.P.) are added and the cyanide dissolvinl by stirring with the rotating anode. 
'The solution heated to 00 to 70° is ele«-trolyzed with a currmit of 1 to 1 .5 amperes, 
E.M.K. =2 to 3 volts. 'IVo hours are generally sufficient to deposit all the 
antimony. The light-gray deposit adheres firmly upon the cathode. With- 
out breaking the current the solution is siphoned off, while fresh water is 
being adileil, until the current ceases to flow through the li(iuid. The cathode 
is washed thoroughly with water, followed by alcohol and etlier and then dried 
at about 80°, cooled in a desiccator and weighed. 

The antimony deiwsits may be removed by heating with a solution of alkali 

1 Method first proposed by Parrodi and Mascazzini, Z. anal. C'hcm., 18, .587 
(1879), modified by Imckow, Z. anal, (’hem., 19, 13 (1880), and later im{)rovccl 
by Classen and Iteiss, Uerichtc, 14, 1G29 (1881); 17. 2474 (1884); 18, 408 (1885); 
27, 2074 (1804). * Treadwell and Hall, Analytical (Jhemistry. »Z. anorg. Chem., 

37, 31 (1903). 
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polysulphidc or by a mixture of ccpuil jmrts of siituratcil solution of tartaric 
acid and nitric acid. 


VOLUMETRIC METHODS 

Potassium Broniale Method for Determining Antimony ^ 

Outline. TliLs method is of special value in d(‘terminiri}i; antimony in hard 
load and alloys. It was first suf^fiested by (Ivory and la((‘r modified by Siodler, 
Nissonsen and Ilowcil.® The ])rocess is based up(»n the oxidation of antimony 
from the trivalent to the ])(!ntavalent form by potassium broinate, the follow- 
ing reaction taking place: 

Klir():,+;tSb( 'L+GIK’l ==;fSl)('l6 f Khr+STLO. 


Standard Solutions. 

Antimony Chloride Solution. Six grams r)f the (■. P. pulverized metal are 
dissolved in .>()() cc. of coiicentraUal hydrochloric acid togetlu*r with 1(K) ec. 
saturateil l>romine solution, more acid and bromine? added if necessary to efbict 
solution. After expelling the bromine l)y boiling, about 200 cc. concentrated 
hydrochloric acid are add<‘d and the whole made uj) to one liter. Fifty cc. 
— 0.^1 gram antimony. 

N/10 Potassium Bromate Solution. 2.S2 grams f)f ( I. P. salt are dissolved 
in water and made? up to 1 lit(*r. Theoretically 2.7<sr>2 grams are reejuinal, but 
the salt in\arial)ly contains i)otassium bromide as an impurity. The solution 
is standardized against r>() cc. of tin? antimony chloride solution, which has 
been reducetl with sodium sulphite according to the standard scheme. One 
cc. of N /JO Klir( ).i =0.000 gram »Sb. 

Methyl Orange. 0.1 gr.am M. (). per 100 cc. of distill(‘d water. '^I'lie indi- 
cator should be free fnan .sediment. 

Saturated Bromine Solution. ."•()() cc. concentrated hydnjchloric a<*id satu- 
rat'd with 70 cc. of bromine. 

Procedure. Solution. One gram of the finely divi*led alloy is brushed 
into a .^>00-cc. beaker, KM) cc. of concent rat<*d hytlrochloric acid and 20 cc. of 
saturated bromine solution an? a«lde<l. I’ln; Ixiaker is ctwered ami plac<?d on 
the steam bath until the metal dissoixa's. It may be iiece.ss!iry to add more 
bromine and acid to effect con jdete .solution. In case the oxides of antimony 
and tin sej)ai*ate out and tio not nalissolxa;, fusion xvith sfxlium hydroxide may 
be necessary. Bniinine is noxv expelkid by boiling the solution doxvn to about 
40 <c. 

Reduction. One hundred cc. of concentratetl hydrochhiric acid and 10 cc. 
of a fresh saturated solution of Xa^SOj are a<lded and the solution boiletl down 
to 40 cc., on a sand bjifh, to ex]K'l arsenic and the excess of normal sodium sul- 
phite. Samides high iti ar.senic may mpiire a K'petition of the reduction. 

Titration, The cox'er and sides of the beakiir are rinsed down with 20 cc. 
of hydrochloric acid (sp.gr. 1 .2) followed by a few' cc. of hot xx’ater and the 
solution heated to boiling on a sand bath. I’la; sbiudard bromate solution 
is now run into the hot solution of antimony to xvithin 2 to 3 cc. of the end- 


'R. Oyory, Zeit. An.al. Chern., 32, dl.l (IS9.'l). ,1. B. Duncan, Chcin. Nows, 9$, 

49 (1907). ’ ' 

*11. W. Howell, Jour. Soc. Chem. Ind., XXV, 1181. 
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I)oint, this having been determined in a preliminary run with methyl orange 
added in the beginning, 4 drops of methyl orange are added and the titration 
completed cautiously until the color of the indicator is destroyed. If iron 
or copper is present the final product will appear yellow. Since the end-reaction 
is slow the last portion of the reagent should be added drop by drop with con- 
stant stirring. 

1 cc. N/10 KBrOa =0.006 gram Sb. 

Notes. Since antimony chloride begins to volatilize at 195® C, and boils at 220® C. 
it is advisable not to carry the concentration too far while ex]>elling arsenie. 

Lead, copper, zinc, tin, silver, chromium, and sulphuric arid have no effect upon 
the determination, but large quantities of cal(‘ium, magnesium, and ammonium 
salts tend to make the results high. Low^ found that rop|>er ])roduced high results, 
approximately .012^^; too high for every 0.1 Co nf cop])er ])rcsent. The author (W.W.S.) 
finds, however, that with the procedure given above, amounts of copper as high as 
15Co produrccl no difliculty beyond a yellow coloration of the solution. With larger 
amounts of rop])er, the end-point became difficult to detect owing to the depth of 
this yellow color, so that in case of brass and eoj>per alloys, the method nuist be 
modified by a i)rocedure for removal of the copper. Lcvid up to 9.5^ caused no 
difficulty. Iron, in amounts such as arc commonly met in alloys of lead, docs not 
interfere. 

During the course of analysis antimony may bo isolated as the sulphide; this is 
dissolved in strong h^'drochloric acid, and reduced and concentrated to expel arsenic 
that may be i)rescnt as a contamination, and the resulting solution titrated with 
potassium bromate as directed above. 

Sources of Krror. (a) Imperfect vohitilization of arsenic, (h) Incomplete expul- 
sion of SOa. (c) Over-titration if insufficient hydrochloric acid is present. 

No loss of antimony occurs at tem])eratures below 120® C. 

Potassium Iodide Method for Determining Antimony 

Procedure. To 1 gram of fine sawings or filings in a Ki-oz. I]ilenmoyor flask 
add (iO cc. of concentrated liydroebloric aei<l and lieat on an asbestos board or on 
the wat(T bath just below boiling. Whem hydrogen is no longer evolved, dc'cant 
the liipior and wash twice with coneontrateil liydrochlorii^ acid, retaining tlie 
aiitiniony in the flask. Now dissolve the antimony by adding 1.5 cc. of con- 
c(ml rated hydrochloric acid ami s<ilid potassium chlorate*, a few crystals at a time, 
until Xhi'i antimony is in solution, tlie licpiid being kept liof. fLxiiel chlorine 
ly b'iiling, add .50 <*c. of eoncenlrat(‘d hydroclilorie, acid «and again bring 
to boiling. Cool and add 20 cc, of 20^.<. ])ot;Lssiiim iodiili; solution and 1 «*c. of 
carbon disulphide or tetra<*hlorid(*. Titrate the liberated iodim? with tenth-normal 
sodium thiosulphate, ''i'he brown color will gradually disappear from the solu- 
tion and the last trac(*s of free iodine will be collect(*d in carbon disulj)hi(l(5 or 
carbon tetrachloride, giving a pink cohir. Whcui tliis i)ink color disappears the 
end-poiiit has l>(*(*n reached. 

One cc. N/10 Xai>S 2 ().i = .(K)0 gram of Sb. 

NajSvOj is standardized against .3 gram antimony as in case of Potassium 
Bromate M(*thod, the above procedure, liowever, being followed. Antimony 
must be free from copper and arsenic. 

Notes. 31ie following reversible reaction is of interc'st: rei>rcsenting a tri- 

valent metal with oxidation to j)entavalent form. 

f2H2()=R./)5+4III. 

The reaction goes to the right when an alkali is present to neutralize the free 
acid formed; c.g., Mohr’s process for detcmiining arsenic by titration of the lower 

' A. H. Low, ^‘Technical Methods of Ore Analysis.” 
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oxfdo with iodine in presence of sodium bicarbonate. The reaction goes to the left 
in presence of strong acid; c.g., Wellejr’s jirocess for the determination of antimony 
in an acid solution. 

The solution should not contain more than i of its volume of hydrochloric acid 
(sp.gr. 1.16), since too-much hydrochloric acid givt^s high results, owing to the action 
of hydrochloric acid on potassium iodide. Too little acid leads to the separation 
of basic iodides^ and chlorides of antimony. The solution is best boiled down to 
20% hydrochloric acid (above strength). 

Stannous chloride may be used in place of thio-suliilmte in titration of iodine. 

SbCU + • K I = SbCl, +2 KCl + 12 and h +SnCl* +21 ICl = SnCh f 2H1. 


Deter^ tination of Antimony by Oxidation with Iodine 

The pr<-c .lure originated by Mohr and modified liy Clark, dejionds upon 
the reaction Sbj 03 + 2 l 2 + 2 II .20 =Sl)2()6-j-4HI. 

The reaction takes place when iodine is added lo a solution of antinionous 
salt in presence of an excess of alkali bicarbonate. In an acid solution oxida- 
tion with iodine does not go beyond SbjOj. 

Procedure. SolutUm. The sample is brought into solution by one of the 
])ro<‘e<lur<*s given under “Preparation and Solution of the Sample.” Alloys 
of jintimony, huid, and tin are treabsl according to dimetions given for this 
combinat ion. 

Titration. 'I’o the hydrochloric acid solu+ion of antimony is added tar- 
taric acid or llochelle salts, the excess of the acid luiutralized with sodium c:ir- 
bonate, the sitiution made barely acid with hydrochloric acid and a siitnratc'il 
solution of sodium bicarbonate a<Ide<l in the pi-oportion of It) cc. bicarlxmate 
solution for each 0.1 gram of SbjOs. Starch is added as an indicator and the 
solution titrated with N/IO iodine. 

1 cc. N/IO io<line --0.(K)(i gram Sb. 

Xoi'K. 'I'he titr.ation .should be made immediately noon addition of the sodium 
s.alts. 


Antimony in Solder Metal and Alloys with Tin and Lead ^ 


Procedure. Dissolve 2 grams of the s.ample of alloy in eonci'iitrated hy- 
droehlorie acid. Wlien tlie metal is all in solution, add crystals of iodine until 
the solution is thoroughly permejited. The color at this jioint should be a 
deep purple, lioil until all of the iodine fumes have been driven out. The 
metallic antimony which did not go into solution in the hydrochloric acid .should 
now bo all dissolved. If it. is not, a<Ul more iodine until the solution is com- 
plete. When all i.s in solution and the i-olor changes to a straw yellow, cool, add 
a few cc. of starch soluthm. If a blue color apiH?ars, tiue to ;in (!xce,ss of iodine, 
run in N/10 sodium thiosulphate solution until colorhsss. In case there is no 
blue color developed, add iodine until a faint blue ajijiears. Now aild 

50 cc. of a saturated solution of Hochelle salts. Make alkaline to litmus by 
adding 25% sodium hydrate solution. Then make slightly aci<l with IK'l 
and finally alkaline with sodium bicarbonate, (’ool and titrate with X/10 
iodine. 


Notk. “ 'Phe method gives very good re^fults. I hive checked it uj) when there 
was one-tenth of a gram known antimony pmsent and the results were within a 
reasonable limit of accuracy.” * 

‘ Method coiuiiiunicated to author by Mr. U. 8. Clark. 
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Other Procedures 
Permanganate Method 

Aiitimonous salts may lio titrated with standard potassium per?nanganato. 
The iron value for the perman^aiiate multiplied hy 1.07r> or the oxalic acid 
(C 2 ll 204 *!^ll 20 ) value multiplied hy ().t)r).‘}2, will f?ive the autimotiy value.* 

Indirect Evolution Method 

The method de|x;uds upon the evolution of from the sulphides of anti- 
mony decunipo.sed hy strong hj'drochlorie acid, the amount of hy<lrogen sul- 
phide being the same for either SbaSa or SbjSs, the following reaction.s taking 
place: 

1. Sb,S,-h6HCl=2SbCl,-f-3H2S. 

2. Sb2S,-f6IICl = 2SbCl,-hS2-|-3H2S. 

The details of the method are practically the same as determination of 
sulphur by the evolution method in the analysis of iron aiul steel. See Cluyjtcr 
on Sulphur. The antimony sulphide precipitate is placed in the evolution 
flask, strong hydrochloric acid added with an C(|ual volume of water and the 
evolved hydrogen sulphhle ah.sorhed in an ummoniacal solution of cadmium 
chloride. The precipitated cadmium .sul|)hide is then titrated with iodine in 
an acid solution. 

One cc. N/IO I — ().(M)1()04 gr.mi S, since 3S — 2S1), therefore Sh ---SX 2,491), 
lienee, 1 cc. N/IO 1 =0.00401 gram Sh. 

Preparation of Standard Iodine Solution. An approximate tenth normal solu- 
tion is made hy dis.soIving 12.7 grams of commercial iodine, roughly weighed on 
a wat«"h-glass, in 200 vc. of water containing about 2.^ grams of potassium iodide, 
solution being effected in a gratluateil liter flask. Afler making up to 1000 <•(*. 
with distilled water, the n'agent is transferred to a dark-colored bottle, to protect 
it from light. It is advisahh' lo make up H to 10 liters at a time for laboratori(*s 
where the solution is in constant demand. Afler standing .several hours, the 
reagent is standardizisl hy running a portion from a burette into 100 cc. of tenth 
normal arsenous ac-id (sei* pagi* 204) until a faint yeilow color is jicrcejitilile. In 
pre.sence of starch indicator a faint blue color is obtained. 

100 divid(‘d hy tin; cc. of iodine re(|uire«l gives the factor for a N/IO solution 

Example. If 9S.o cc. of iodine are re(|uired, l(M)-5-l)S..'i = 1 .01o2 N/JO or 
.101o2 normal. 

Tenth normal .arsenous .acid solution contains 4.0o.‘l grams of As^Oa, per liter, dis- 
solved in sodium hydroxule ami made up according to directions giv'cn on page 2(t4. 
The oxide is siddom pun*, so that allowance must he made for im]>urities. For exam|)le, 
the acid containing 9t).60 per cent AsjOj would reijuire 4.y.'>yT-.9').'50=4.97 grams jier 
liter of solution. 

C'oio.mercial iodine may contain chlorine, bromine, cyanogen and wafer. It may ho 

i airifical by rciM*atcd sublimation (“Analytical dlicmistry,” M'n'adwi*!! .and Hall, IV 
Od.. page (ill), or “A Treatise on Quantitative Inorganic. Analysis" (191:5), l>y J. W. 
Mcllor, page 2KS). There is no advantage in taking the thcorcjical amount of'imrified 
iodine, however, since the rcag(>nt chang<*s in strcngih cm standing. 

I’otassium iodide augments solution of io<nnc, w'hich is sp.aringly soluble in w.ator. 
Tlie iodine may be slandardixod by titrating a definite volume; with N/10 sodium 
thiosulphate. Sec page ‘294. 

* Technical Methods of “Ore Analysis, by A. II. Low. 
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Determination of Small Amounts of Antimony ^ 

The (lt‘((*rmiii!ili()n (lopciuls upon the fact that wlicti aniimony compounds 
an* acf<'(l upon in acid solulion l)y nasc(*iil hydn)p;on the j^as slihino is evolved, 
which loi’ins a black compound \\ith silver nit rale. 'I'he nu'thod is vtiry similar 
to Allen and I’aliner’s nnxlification of tlu* (iutzc'it procedure for arsenic, dif- 
ferin{ij, how(‘ver, in the facts that lu‘aiin|r is n<*c(>ssary (o evolve completely 
the stibiiK*, the iMesence of iron is not required, and stannous chloride is not 
used. 

Procedure, 'i’he matc'Hal is brouf^ht into solution with Avater, or by treat- 
ment with hydrochloric acid, or hj’drochloric! a<*kl and an o.xidizinp a^ent (KCl(),or 
lir) with subsequent evaporation to dryne.ss on the steam plate or water bath, or 
by fusion Avith sodium carljonate folloAVcd by acid extraction. If arsenic is present, 
the solution, contained in a distillation flask, is mluced with ferrous sulphate or 
chloride and arsiuiic ilistilled off in a current of HC'I gas, according to the proced- 
ure t)utlined under Arsenic. Tlu; A'olume of the solution is reduced from 
about 200 (;c. to .50-t)0 cc.* Antimony is now isolated by continuing the distilla- 
tion Avith addition of zinc chloride to raise the boiling-iK)int of the solution. 
Thirty cc. of a saturatt'd solution of zinc chloride are added to the li(iuor in the 
flask and antimony distilled, hydrochloric acid (sp.gr. 1 .2) l)eing added through 
a separatory funnel, drop by drop, to replace the solution evaporated. The first 
fifty cc. of the distillate will contain all the antimony, present in small amount. 
The excess of acid is cai*efully neutralized with sodium carbonate, leaving the 
solution slightly acid. The mixture is placed in the modified Clutzeit apparatus, 
pure zinc shot a<lde(l, end the apiAarutus connected up as described for deter- 
mining traces of arsenic, Kig. 2. In pl.ace of the mercuric chloride, silver 
nitrate ijajier is usetl for obtaining the stain, as (his reagent is more sen.si- 
tiA'e to stibine. The apparatus is placed in Avartu Avater (about (50° C.) for 
two hours. The siK'er nil rate jAaixT is (hen removed, immersed in 10% solu- 
tion of sodium thiosulphate to fix the st:iin and Avashed Avith di.stilled water 
to remove the siU'cr nitrate. I'lie ])aper is then dried and compared Avith a 
standard set of stains made by jdacing knoAvn amotmls of antimony in solu- 
tions of like material examined, and proceeding according to the outline given. 

Notks. Pota.ssiiim antimonyl tartra(<^ i lay be taken for the standard antimony 
solution. 0.276.5 gram of (lie sjil’t is diluted (o a liter and 10 cc. of tliis stock solution is 
dilutcfl to 1 liter. 10 cc. of this final .solutionis «*quivaleiit to 0.01 milligram of anti- 
mony. Stains representing 0.(M)6 to ().().» milligram aiit iinony arc suited for the test. 

Silver nitrate paper. This is made by di|>ping sheets of filter pajier in a 0.4% 
solution of silver nitrate, running (hroiigii the mangle to remove the exce.ss of silver 
nitrate*, drying ami cutting into strips according to the iirocediire recommended for 
the paper used in the (Jutzeit method for arsenic. 

blank runs should be maile Avith the ivagents and the blanks deducted from the 
stains obtained in the regular tests. If jiossible, arsenic ami ant imony -free reagents 
should be used. 

The author is indebted to Mr. .7. P. Ixelly for his review and criticism of this chapter. 

' Method suggesteil by (Ml. S.anger, communicated to the author by Mr. .1. P. Kelly. 

^ During the removal of arsenic (he l(*niperature of the solution should not rise 
above 12.5° C., since a loss of antimony occurs above this jioint. It is advi.sable, there- 
fore, to place a thermometer in the flask, and observe the temix*rature during the 
distillation. 
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A e i«f ■yj. <ui cryst. „„ .'5.73 „ _ HSH) i, „ subl. !Ui4^ 

ASt at.wt. 74.SH>— " 8p.gr. m.p. b.p. 

amorp. 4.72 .. .. < 

Oxides, As^Oj, AsaOfc*^ 

DETECTION 

Hydrogen sulphide i)ro<‘ii)itii(t;s Iho jhsIIow sulpliidc; of .‘irsc'iiic, AsaS.), wlieii 
passed into its solution made stroiiglj’’ arid with hydrochlora* acid. If tlio 
solutitui contains morn tlian 2ii% liydrochlorin acid, (sjj.gr. tin; otlicr 

mcinhcrs of tlic hydros^'ii sulj)liid<! gnmp do not interfere, as tliey are n(»t 
preci])itated from strong acid solutions by liydrogen sulphid«‘. Arsenic sulphide 
is soluble in alkaliiu; carbonate.s. (Antimony sulphide, SI) 2 S.i, reddish yellow, 
is insoluble in alkalin ; carbonates.) 

Volatility of the chloride, AsCli, is a nu'ans of s(‘paration and distinction 

of arsenic. Details of the procedum are given under “Sej)arations.’’ The 

distillate maj'’ be for ars(‘ni{; ;is directed above. 

Traces of arsenic may be. detected by either tin*. (Sutzeit or Alarsh test 

W arsenic. Directions for the (Jutzeit test are given at tins clo.se of the vol- 

uriiet ric iirocedures. 

Distinction between Arsenates and Arsenites. Magne.sia mi.vture ]>»!• 
eipitates white, MgNll 4 .\s() 4 , when added to annuouiacal solutions containing 
arsenates, but it produces no precipitate with arsenittss. 

lied silver arsenate and yellow silv(!r ar.senite arc })recipilat(id from neutral 
solutions by ammoniical silver nitrate. An ar.senate give.s a yellow precipitate 
with ammonium molybdate .solution. 

ESTIMATION 

'^rhe determination of arsenic is re(|uired in the valuation of native arsenic, 
white arsenic, As.Oj; ores of arsenic orpiment, As^Sj; realgar, AsaS-^; jiynir- 
gyritc, AsaSlisj arsenopyrite, or mispickel, D^SAs; cobaltitc or cobalt glance, 
CoSAs; smaltito, CoAsj; niceolile, Ni.Vs. The substamte is estimated in 
copper ores, in speisa, rogulus; in iron precipitates (basic arsenate). It is 
determined in paint pigments, Scheel’s green, etc. 'Fhe element is determined 
in shot alloy and in many metals. It is estimated in germicides, disinfectants, 
and insecticides — Paris green, lead arsenate, zinc arsenite. Traces are looked 
for in food products and in substances where its presence is not desired. 


Preparation and Solution of the Sample 

In dissolving arsenic compounds it will be rei!allc<l that the oxide, As-^Os, 
is not readily acted upon by dilute a<*iils — hydrochloric or sulphuric. The 
comimund is soluble, however, in alkaline hydn».\ides and carbonates. Nitric 

*Van Nostrand’s Chem. Annual — Olsen — JJd Kd. 
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acid oxidixcs AsaOj to tho oxide, AsaOj, wliich is soluble in. water. The 

sulphides AsaSa and AsjSs are practically insoluble in hydrochlorio or sulphuric 
acids, but are dissolved by the fixed alkalies and alkali sulphides. All arsenites, 
with the exception of the alkali arsenites, reciuire acids to effect solution. 

Pyrites Ore and Arseno-pyrites. Tho amount of the sample inaj' vary 
from 1 to 20 {;rams,» according to the arsenic content. TIkj finely };round sjunplc 
in a larpe casst;rolc is oxidized by adding j() to 50 cc. of bromine solution (7.') 
cc. lvlir-1-50 cc. li(|uid lir+ loO cc,. IIA)) cov»'ring aial allowing to stand for 
fifteen minutes, then 20 to .oO cc. of strong nitric aiid an; added in three or 
four portions, allowing tho action to .subside ui)on ea«-h athlition. Tho glass 
cover is raised by means of riders, and the sample evaporated to dryness on 
the steam bath; 10 to 2.5 cc. of hy«lrochloric acid are now added and the sam])le 
again tak<m to <lryness. Again 10 to 2.5 cc. rff hydrochloric .acid are <ad(lcd 
and tim sample taken to dryiu'ss. Finally 2;5 cc. of hy<ln»chloric acid and To 
<;c. of water are added, and the mixture digested over a low flana; until all the 
gangiie, exc<?j)t the sili<‘}i., is dissolved. The solution is now examiiu'd for ars<‘nic 
by distillation of the arsenic after reduction, the distillate being titrated with 
standard iodine solution acconling to <lirections given latcT. 

Arsenous Oxide. 'Phe .s.Mmple nuiy be dissolv(>d in caustic soda, the solution 
neutralized with hydrochloric acid, and the resulting .sanijile titrat('d with iodine. 

Arsenic Acid, Alkali Arsenates, etc. Tho .sample is dissolved in 20 to 2.5 
cc. of dilute sulphuric a<‘id, 1 : 1, in an Krlenmeyer lla.sk, ainl reduced by 
addition of 3 to 5 grams of ])otassium iodide, the action beitig hasttaied by ])lacing 
the mixture on a stiam bath. Tho iodine liberated is exjictly neutralized with 
thiosul])hate ami tho arsenous acid titrated with iodine according to the pn)- 
cedure given later. If a N/'IO iodine solution is to be used, tho sample should 
not contjun over .37 gnim jirsenic. A 10-gram sample may be taken, made 
uj) to a definite volume aiul aliquot parts taken for analysis. 

Arsenic in Sulphuric Acid. ArsenouH acid may be titrates! elirecth- "with 
iodine in a 20- to .50-gram sample, which has b«’en diluted to 2(M) to 300 cc. 
with wati'r and nearly neutralizes! with amme)nium hyelre)xiele anel then an excess 
e)f se)elium ae*iel e-arbemate addesi, fe»lle)wed by the ie)dino tilrafiein.* 

Arsenic Acid in Sulphuric Acid. Twenty-live ce-. of the aciel etontaining 
abeeut 0.1% arsenic or a larger ve)lunie in case the jxTcentage of arsenic is less 
than 0.K;f, AsA)s (the .sp.gr. of the acid being kne)wn) are measured emt into a 
she)rt-nee*ke;d Xjeldahl fljisk. Abejut half a gram e)f tartaric jicid anel 2 grams of 
fused, arsenic-free pe)tassium bisulphate are addeel and the ae*iel heated over 
a le»w flame until tho liberated carbon is completely oxielized anel the acid again 
becomes clear, c.g., a pale straw exdor. It is ne)t advisable te) heat te) violent 
fuming, as a loss of arsenic is then apt to occur. The cooled acid is poured 
into about 300 cc. of water, the excess acid nearly neutralized with ammonia, 
bicarbonate of soda added in excess and the arsenous acid titrated with standard 
iodine. Total arsenic as AsiO* minus arsenous arsenic as As^Os = arsenic arsenic 
in terms of AsiOa. This result multiplied by 1.1616 =AssO». 

Arsenic in Hydrochloric Acid. The arsenic in 20 to 100 cc. sample is 
reduced by ferrous chloride, the arsenic distilled according to directions given 
later, and the distillate titrated with iodine. 

* 0.1% arsenic doterminod on a 20-grani sample. 

*S()* should l>o cxiKdIed by heat or by a <5urrent of air before treating with the 
alkali. 
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Arsenic in Organic Matter.^ 0.2 to 0.r> f^ruiu of tho sample finely powdered 
is oxidized by mi.xin;; with 10 to Jo Iranis of sodium carboniite and sodium 
peroxide, 1 : 1, in a nickel crucible, a |K»rlion of the fusion mixture beinp spmul 
over the ehar^e. After heating ffently for fifteen minutes, the fuswui is com- 
pleted by heating to dull retlness for five ininut(!s longer. 'I'he contents of 
the crucible are rins<*d into an I'h'leiimever flask after (ixtractioii with water, 
and the solution made acid with dilute sidplmric acid, 1:1. The mixture 
is boiled down to 100 cc., 1 to 2 grams of ))otassiuin ioditle added and the solu- 
tion further concentrated to about 40 cc. Iodine is reduced with suli)hurous 
acid or thiosulphate, the solution dilut(‘d with hot water and saturated with 
liydrogcai sidphide. Arsenous sulphide is filteretl olT, washed, diss(»lved in If) 
to 20 cc. of half-normal sodium hydroxule and 80 cc. of hytlrogen jK‘roxi<le (80*]^,') 
solution added, and the solution boiled. About 12 cc. of dilute sul))liuric acid, 
1:1, are added, together with 1 to 2 grains of ]>otassium iodidi', the solution 
concentrated to 40 c<‘. and free iodioiu; reiluced with thiosulphate as before. 
Arsc'iiic is now titrated, with standard iodine, upon iKMitralization of the free acid 
with sodium hydroxule ami sodium acid carbonate. 

Lead Arsenate. 'Pen grams of the thoi'oughly mixed jiaste or o grams of 
the ])owder are dissolved by trijating with 25 cc. of 10*<', hot sodium liydrox- 
ide solution, and diluted to 250 cc. An aliipiot jiart, 50 cc. ( - 2 grams paste 
and 1 gram powder) is jilaced in an Krli'iimeyer flask and 20 cc. of dilute 
sul))huric acid, 1 : 1, added, ami the solution ililutial to 150 cc. Aliout 8 grains 
of solid potassium iodide are mldial and the solution boil(‘d down to about 
50 cc. (but not to funms). The licpior will be colored yellow by free iodine. 
Tenth normal sodium thiosulphati* is added drop liy drop until the fmi iodine 
is neutralizeil (solution loses its yellow' color), it is now dilutetl to about 250 
cc. and the free acid neutralized by ammonium hydroxide (methyl orange 
indicator), then made slightly acid with tlilule sulphuric acid, and an excess 
of bicarbonate of soda added. The arsenic is titrated with standard iodine. 

The ansenic may be reiliiced by jilacing the .50-cc. sample in a Kjeldahl 
flask, adding 25 cc. of .strong sul]>huric acid (I.SI sji.gr.), 4 gcam tartaric acid 
and 2 grains a<‘id pota.ssium sulpliate, KHSOi, ;ind digesting ov(*r a strong flame 
until the organic matter is destro^i'd ami the solution is a ])ale yellow color, 
n’he cooleil acid is diluted and maitralizeil, etc., as ilirected above. 

Water-soluble Arsenic in Insecticides. Rapid Works Test. 'J’wo grams 
of tlie paste is digested with 1(K)0 cc. <if watiu* at 90° (.’. for five minutes, in 
a graduated 1000-cc. fla.sk. An ali<iuot portion is filtered and the ameiiic 
determined by the (Jiitzeit method. 

Water-soluble ai-seiiite may be titrated directly with iodine in jimsencc 
of sodium bicarbonate. 

Zinc Arsenite. About 5 grams of powrtler or 10 grams of paste are taken 
and dissolved in a warm solution containing 800 cc. of w'ater and 25 cc. of 
strong hydrochloric acid. 'I’lie ciKiled solution is diluted to 500 cc. and 100-cc. 
portions taken for analysis. The acid is partly neutralized with anmionium 
hydroxide and 50 cc. of a saturated solution of ammonium oxalate added 
(to prevent precipitation of the zinc as ZnC'Og), and an excess of sodium 
bicarbonate, NaHCO*. Arsenic is now titrated with iodine ns directed later. 
Soluble Arsenic in Zinc Arsenite. One gram sample is rubbed into an 

'Little, Cahan, and Morgan, Jour. Chem. Soc., 96, 1477 (1909). 
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emulsion Avith several ])ortions of waler until the Avhole is in suspension. The 
cloudy Ihiuor is diluted to 1(X)() cc. and a portion filten*d thruugli a J-in. 
asbestos mat on a jierforated plate, the asbest*)s being covered with a laj’or 
of fdter pajHjr. The fir.st fX) cc. are rejected. One hundred cc. of the clear 
filtrate (= 0.1 gram) is treat<'d Avith 10 cc. of strong sulphuric acid, 0.05 gram, 
Fe-iOj (use ferric ammonium sulphate) aiul .J cc. of NO'/,', stannous chloride solution 
and heated until colorless. Arsenic is noA\' determined by the Gutzeit method, 
using the larger-sized api)aratus. 

Arsenic in Mispickel. One gram of the finely powdeird mmcral is fused 
in a nickel crucible with alxnit 10 grams of a mixture of potassium carbonate 
and nitric acid, 1:1,' and the melt extractc'd Avith hot Avater. Tavo hundred cc. 
of a sjituratcd solution of SO 2 is added to the filtrate to rcxluco the ansenic, 
the excess of SOa tlnm (5xj)elled by boiling, the .solution (liluted AA'ith dilute 
.sulphuric acid, and ar.senic d(*termine«l in tin; fillrat(;. 

Arsenic in Steel, Iron, Pig Iron, etc. One to .50 grams of .steel, etc., may 
bo treated according to the scheme for pyrites. If a large sample is taken, 
it is advisable to treat it in a 500-cc. flask, connected with a second flask 
containing bromine, to guard against loss of arsenic; b.A' A'olatilization. When 
the .sample has dissedved it is taken to diyncss (the bromine in the second flask 
being combined AA'ith it) and treated as directed in i).A'rites. Ai'senie chloride, 
As('U, is transferred to the distilling flask Avith strong hydrochloric acid, and 
arsc'uic s(;])aratod from the iron by volatilization of reduccsl chloride accord- 
ing to the ])rocedure given below. 

Arsenic in Copper. Ai-scnic is precipitated AAith iron by the basic acetate 
method, and thus freed from copjjcr. Details of ])rocedur(‘ are giA'cn under the 
determinatiott of impurities in copper in the chaptc'r on the subject. 

SEPARATIONS 

Isolation of Arsenic by Distillation as Arsenous Chloride ^ 

]ly this method arsenic may be .si;|)arated from antimonj’’, tin, and from 
other lu'avy metals. It is of s]x*cial Aaluc in the dir«*ct dc^termiiiation of arsenic 
in iron ores, co])per ores, aiul like products and has a AA'ide ui)plicution. The 
])rocedure def)ends ujxni the A'olatility of arsenous chloride at temi)eratures lower 
than the other heavy m(;tals. In a current of IK'l gas, arsenous chloride begins 
to volatilize beloAV ]0S° and is actiA'cly volatile at 12t)° (/.; antimony 

.starts to volatilize at 125° (*., Init is not actu'cly A'olatile until a temjjerature 
of 1N0° has b(;en reached. 'I’lie boiling-point of arsenous chloride, AsC’l,, 
is 130.2°; antimony trichloride, SbC'U, is 223.5°; and that of stannous chloride, 
Hnt’lj, is oA’er (503°; other chlorides haA’ing still higher boiling-points. Tin in 
it«s higher form, Snf’h, is readily A'olatile, boiling-point is 114° f’., so that it is 
necessary to have it in its dix'alent form to effect a separation from arsenic. 
When heavy metals are ]Aresent in the residue remaining from the arsenic dis- 
tillate, or Avhen zinc chloride is added to raise the boiling-point, antimony 

^The ore may bo brought into solution by fusion with a mixture o'" sodium car- 
bonate, potassium nitrate and zinc oxide, 1 : 1 : 2. Tho fusion being made in a platinum 
dish. The potassium iodide procedure may be followed for reduction of arsenic. (See 
Lead Arsenate.) 

* J. E. Stead’s Method. R. C. Roark and C. C. McDonnell, Jour. Ind. Eng. Chom., 
VIII, 4, 327 (1916). ’ 
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may also be separated by distillation by (‘arrying the solid ion to near dryness, 
adding coneontrated IIC'l by means of a separator!' funnel, drop by ilrop, during 
further distillation of the eoneentrate. Arsenic may be det(*rmiiicil in the 
distillate (first portions) either gravimetrically or vohimetrii'ally. 

Procedure. If arsenic is jmisent as arsenic chloride, as prepared in the 
method for solution of iron ores, thi; sanijili' may be transferred directly to 
the distillation flask by means of concent rateil, ai’senic-frei* hyilrochlorie acid. 
If a preliminaiy sejiaration of other metals has liemi made and amenic is 
present (along with antimony and tin) .as a sulphide, it is oxidized by addition 
of concentrated IICI and sufficient iiot.assium chlorate to cause solution and 
oxidation of free sulphur, an<l the chlorate decomposed by evajioration to 



Fiq. 1.— Apparatus for the Distillation of Arsenous Acid. 


drynessj or if preferred, by evaporation of the alkaline solution to dryness, 
oxidation with fuming nitric and re-evaporation to ilryness to expel the nitric 
acid. The residue is taken up with hyilrochloric acid and washed into tlie 
flpsk with strong hydrochloric acid as directed above, ur»\ • 

Distillation. The sample, in a half-liter dislilling flask (Fig. 1, o ) is 
mailc up to about 150 ec. with concentrated hydrochloric acid and about 
5 grsiins of cuprous chloride, ("u-jt 'hf urc lulded. 1 ho appiinitus is ooniiocted up 
as shown in the illustration, Fig. 1. The eml of the condenser dips nto 400 
cc, of cold watx?r in a largo beaker (1 liti*r) or flask (“4”). The solution is 
cooleil by placing it in ice-water or cold running water. The sample is satu- 
rated with <lry hydrogen chloride gas generated by dropping concentrateil 
sulphuric acid into stnmg hydrochloric acid (“3”) and passing the gas through 
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sulphuric acid (“1”) (sj).gr. 1.84) as shown in out. When the point of satu- 
ration is reached the gas Ix'gins to bubble through the solution instead of 
being absorbed by it. Whi'ii (his occurs, heat is a)>plied and the solution brought 
to boiling, the current of IK’l g:is being continued. At a temperature of 108 
to 110° the first 100 cc. will contain praclicall.y all of the arsenic. About 
two-thirds of the solution is flistilled off. It is advisable to adil more hydro- 
chloric acid to the I’csidue intlu! flask, together witli cuprous chloride, and repeat 
the distillation into a fre.sh h»t of water. This may be done during the esti- 
mation of arsenic in the first distillate. 

Arsenic may be determiiK'd in the distillates either gravimetrically or voli*- 
metrically. The volumetric proc(‘<lures for arsenic, in tliis isolated form, ar« 
generality to be preferrtsd, sinct! they are both rapid and accurate. For amounts 
over arsenic, the iodine method is recommended, for smaller amounts 

(arsenic in crude co])i)er), ])recipi(ation with silver nitrate and titration of tho 
silver salt is best. I'ixceedingly small amounts are best determined by tha 
(bit/eit method, pagci 40. 

("ommercial hy<lrochloric acid invariably contains arsenic, so this must ba 
purified by redistillation in ])resence of an o.\idi/ing agent to oxidize the arsenic 
to the non-volatile arsenic ])ontachlorido, As(’1b, form, (Fig. 5) or by tmitmcnt 
with H2S and filtration. A blank mn .should be made on the reagents used, 
especially when traces of arsenic are to be determined. 

Separation of Arsenic from Antimony and Tin by Precipitatio.n 
as Sulphide in a Strong Hydrochloric Acid Solution 

I 

Tills procedure for isolation of arsenic depends upon the insolubility of tho 
sulphide of arsenic in strong hydrochloric acid, whereas that of antimony dissolves. 
The sulphide of tin is al.so soluble. 

Procedure. The metals present in their lower conditffins of oxidation are 
precipitated as sulphides in presence of dilute hydrochloric acid (o/p solution) 
to free them from subscxiuent groups (Fe, Al, (.'a, etc.). The .soluble members 
of the hydrogen sulphide group are now dissolved and separated from copper, 
lead, etc., by caustic as follows: d'he greater t>art of the washed precijiitate is 
transferred to a small casserole, that remaining on the filter iiajicr is dissolved 
off by adtling to it a little hot dilute jiotash solution, catching the filtrate in the 
ca.sserole. Almut fi grams weight of .solid iKit.a.ssium hydroxide or sodium hydroxide 
is add(‘d to the precipitate. Arsenic, antimony, and tin .suljihides <lis.solve. The 
solution is filter'd if a residue remains, and the filter washed. This ])reliminary 
treatment is omitte<l if alkaline earths anil alkalies are the only contaminating 
elements present. 

The casserole containing the sample is covered and placed on a steaiii bath. 
Chlorine is now conducted into the warm solution for an hour, wher'by the alka'i 
is decom|)osc'd and antimony and arsi'iiic oxidized to their higher state. Sufficient 
hydrochloric ackl is addl'd to deconiiMise the chlorate formed, and the uncovered 
solution evaporated to half its volume. An equal volume of hydrochloric acid is 
Hildeil and the evajMiration re|)e!ded, to exiM'l tin* last, trace of chlorine. The acid 
solution is Avashed into an Frienmeyer flask, cooled by ice to 0° C. and two volumes 
of cooled, concentrated, hydrochloric acid atlded. IIiS gas is*i-apidly passes into 
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this solution for an hour an<l a half. Tlu* fla-xk now sto|>iioro<l and plafod in 
boiling water for an liour. The yc'llow ai’MMiii* sul]>liid(‘, As.-S.-,, is filti'icrl tlirongli 
a weighed (Jooeh erucible, wasla d with hydroehloric acid, 2: 1, until tree I'rnni 
antimony, i.e., tlie washing ui)on dilution nauains clear. The residue is now 
washed with water, followed by alcohol, and may be dried aiid w('ighed as AsjS„, 
or determined volumetrically. Antimony and tin are determined in the filtrate. 
AIcC’ay recommends washing AsjS.-, with alcohol, ('Sj anci fitially alcohol.' 

'I'he sulphide may be dissolved in concentrated .sul])hnric acid by heating 
to sulphuric acid fumes and until the .solution beetanes clear. No :ir.seuic is lost, 
provided the luaxting is not unduly prolong(‘d. Fifteen to twenty-five minutes 
is generally suffieient to dissolve the sulphide and exjxjl S()», etc. The a<*id may 
b(; neutralizcxl with anunonia or caustic, made again barely acid and then alkaline 
with bicarbouutc of soda, and arsenous acid titrated with iodine. ^ 


GRAVIMETRIC METHODS FOR DETERMINATION OF 

ARSENIC 

As in the case of antimony, the accuracy and rapidity of the volumetric 
methods for the determination of arsenic make these generally i)referable to 
the more tedious gravimetric methods. The following method.s, however, are 
of value in certain analytical procedures. 

Determination of Arsenic as the Trisulphide, As2S.'i 

Arsenic acid and arsenates shendd be reduced to the arsenous fonn before 
precipitation as the sulphide. The ]>roco<lure is esix'cially adapted to the 
isolation of arsenic from other elements, w'hen this substance is prc.sent in the 
sfdution in appreciable quantities, advantage being taken of the extreme dif- 
ficulty with which arsenous sulphide, As^Sa, dissolves in hydrochloric acid 
solution. 

Procedure. The solution containing arsenic in the arsenious form is made 
strongly acid with hydmchloric acid and hydrogen sulphide i)asso(l into the 
cold solution to complete .sjituration. Tin? hydnigen sulphide pressure generator 
is recomniended for this treatment. Figs. 3 and 4. The ])recipitato is filtered 
into a weighed Gooch crucible (previously dried at 10.5° C.), the compound 
dried at 106° C. to constant weight and weighed as As^Sa. 

Factors. AsjSa X 0.6001 = grams As. 

AsaSa X 0.8042 = grams AsaOa. 

AsjOa X 1 .1 0 1 6 = grams AsjO*. 

ASiOsX 1 .3134 =grams IlaAsO, • JllaO. 

AsaSaX 1.2606 = grams AsaS*. 

Note. Arsenic may also lae d«4ermimKl jus jirscnic suh>hi(]e by passing a rapid 
stream of llaS into a cooletl solution of arsenic acid containing jit least two parts of 
concentrated hydrochI<jri<; a«'i«l for each part of water present in the solution. 

' Ti«! Roy W. McC’ay, (Ihttin. News, 66, 202 (1887). 

* J. and H. S. Patlinson, Jour. JSoc. C’hcin. Ind., 1898, p. 211. 
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Determination of Arsenic as Magnesium Pyroarsenate 

The method worked out 'hy I^evol dpp<'nds upon the precipitation of arsenic 
as MgNH4.\-‘'()4‘f)ll2(), ivlien magnesia mixture is addiul to an ammoniacal 
solutifni of the arsenate. AKIiough ({()() parts of Avafer dissolve 1 ]>art of the sidt, 
it is practically insoluhh! in a2i jmt cent ammonia solution, 1 part of the anh3'drous 
salt re(|uiring 24,r).'>S parts of the ammonia water according to Virgili.* The 
compound loses molecules of Avater at 11)2° (’. and all of the Avater when 



2. — Urbasch’s Hydrogen Sulphide Generator. 


The^ apparatus (losiani-d by Urljosrh (Cheiii. Zvit. (1010) 34 , 1040. This An.ilyst (1010) 35, .’>.'58), 
^own in h iK 2, ■‘iiiibli H n n.mstiint supply of wis ami its siKuruli'd aiiuouiis solution to bu ol>tain<-d. 
11 m‘ hottlc IV iti charisiHl with hytlrnchlorif arid, and iron 8ulph dr i.s plarrd in III. The hydroKn. 
sulphide 18 pas.srd through the water in II until a Maturated solution is obtained. Water is placed 
in I and II. If kum is retjuired the taps and .Ware openeil and II 2 S tlrawii from A. Hydrogen 
sulphide water is nhtairied l>y opening the pinch cock C of the burette, the liquid drawn oflf beiiijr 
Hiniuhaneously replaced from the v*‘SMel II. The container is made of dark-colored Klaaa to protect 
the hydroKcu sulphide water from light. Water may be drawu into II » when required by opening 
th«? pinch cock leading to the bottle I. ^ t » 

strongly ignited, forming in presence of oxygen the stable magnesium pyro- 
arsennte, MgeiVs^OT, in which fonn arsenic is determined. 

Procedure. The solution containing the arsenic, in the form of arsenate, 
and having a volume not exceeding 100 cc. per 0.1 gram arsenic present, is treated 
with 6 cc. of concentrated hydrochloric acid, added, with constant stirring, 
drop by drop. Ten cc. of magnesia mixture arc added (Reagent =.'5.5 grams 
MgtMj-f 70 grams NHX'I+OoO cc. 11^0 and made up to 1000 cc. wi<h NH4OH, 
sp.gr. 0.00), for each 0.1 gram of arsenic i)roscnt. Ammonia solution (sp.gr. 0.06) 
is ad(l(Hl from a burette, Avifh stirring, until the mixture is neutralized (a red 
color imi)aited to the solution in presence of pbenolphthalein indicator), and 

* Average of three results. .1. F. Viigili, Z. anal. Chern., 44, 504 (1005), 
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then ammonia added in exoess equal to one-tliird the volume of the neutralized 
solution. The i)recipitato is allowed to wattle at least twelve hours and is thtm 
filtered into a wcughetl C}oo<*h crucible ami washctl with 2.5% ammonia until 
free from chloride. After draining as completely as possible by suction the 


Stopcock 



Fig. 3. — Scott’s Hydrogen Sul])hidc (Jenerator. 

Fig. 3 shows a conyonioiit form of a ncn<‘r.itf»r for olitiiining hyclrogon sulphide gns undPT pres- 
sure. Th** apparatus i.s thi’ Avrit«*rs niodifirat ion of thi* Jlaiiks’ Kom^rator shown in Fig. 4, and is 
dosignod for large rpiantitic's of hydrogen sulphuh* gas. The oylimltT .1 .I'is constricted, as shown, to 
support perforated Ii‘ud disk 0\ upon wiiu-h reals the iron sulpliide 1’Iie lower end of the cham- 
ber is closed to catch small particles of Fc»S that may be carried through the perforations of tlie 
disk. Small openings admit the a<*id to /!'. The level of the acifi is below the disk fr, so that the 
aeid only comes in eontaet with the .sulphide when pres.sure i.s applied by mi'ans of the rubber bulb 

the stopcock biMiig open ami ♦S'* clo.scd. The imucury gauge is ndjust(*d to blow out at a 

given pressure, to prevent accident, the bulb D preventing the mercury from hemg blown out of the 
apparatus. A small opening in Z> allows the escape of the gas Wh«*n the apparatus is in opera- 
tion, ii is eoiiiiecled to an empty he:ivy-w’al|i*d bottle, wliieh in turn is attached wdth glass tube 
connection to the pressiiie flask in which the preeipitation of the sulphide is made, the flask being 
closefl to the outside air. By pressure on the rubber bulb aci<i Is forced into the chamber A' 
past the disk into tht‘ sulphide in A. The entire system will now’ be, under the pres.sure indicated by 
the gauge C. 'I’he pressure is released by opening the stopcock .S'* and the fla.sk eontaining the pre- 
cipitate then disconnected. The re.^crv'oir is designed to hold about tw'o liters of acid, and the 
cylinder containing the sulphide is of sufficient rapacity to hold over one pound of FeS, so that the 
apparatus will deliver alarge ciuantity of hydrogen sulphide. 


precipitate is dried at 100° and then heated to a dull red heat (400 to 500° (3.), 
preferably in an electric oven, until free of ammonia. The temperature is then 
raised to a bright red heat (800 to 900° C.) for about ten minutes, the crucible 
then cooled in a desiccator and the residue weighed as Mg^AsiO,. 

Factors, Mg»As *07 X 0.4827 = As, or X 0.6373 aAsjOj, or X0.7403 =As*0*, 

or X0.7925 » AsaS*. 
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^OTKS. 111 place of an electric furnace the Gooch crucible may oe iilaccd in 
a larRcr non-]>erforatcd crucibh*, the bottom of the GimicIi being 2-a mm. above the 
bottom of the outer cnirible. '^rho ]>rodiirt may now bo heated in x>reseiieo of a 
current of oxygen passed througli a iierf oration in the covering lid of the Gooch, or 



Fi«, -1 shows u Hiiiipli* niitl < IT«m1ivo pn-smin* nmondor, fh ^Uriful by Hfinks. Tho operation of 
this small K‘’n<'ratnr (200 <T. rap.ir.ty) is similar lo I In* apparatus, Fi^ :*{, It is rspiTiallv adaplt'd 
for laboratory work, wheru iii<iiM(lual appaiatus is dosirod for atudeuta in qimlitativo and qiiantita- 
tivf analysis. 


in ])lnee of Hi(‘ oxy^^eii, a tliin layer of powdenal NI^NOa may bo plaeed on the 
arsenate r<\sidne •md the heat j^radiialiy applit'd until the outer (trueibh* attains a 
li><ht reel slow. 

VOLUMETRIC METHODS FOR THE DETERMINATION OF 

ARSENIC 

Oxidation of the Arsenous Acid with Standard Iodine ^ 

This procedure is appliciible for the detenuiiuition of arsenie in acids, after 
reduction of arsenie to its arsenous form, for valuation of arsenic in the tri- 
oxide, for determination of arsenic isolated by distillation as arsenous chloride, 
for arsenic in arsoniros and roduceil arsenates in insecticides, etc. The method 
depends upon the reaction— As/J,-f2HsG+2I*=As2()*+4III. Tlie liberated 
hydriodic acid is neutralized by sodium bicarbonate. The trace of excess 
iodine is detected by means of starch, a blue color being produced. 

Procedure. If 1 ho solid ion is acid, it is neutralized by sodium or potassium 
Imlroxide or carboiiaii* (phenolplif lialeiii indicator) then made sliglitly acid. If 
the solution is alkaline, it is made slightly acid. Two to 3 grains Of sodium 
licarbonate are added together with starch indicator and the solution titrated 
with tenth normal iodine solution, the iodine being added cautiously from a 
burette until a pcrmaucut blue color develops. 


1 Mohr’s Method, 
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One cc. N/10 iodine =0.00375 gram As, or 0.00-4948 gram As^Oa. 

As*0,Xl.l616 =As 20,. AsXl.3201 =As 203 or X1.533G =AsA)g. 

As*O3X0.7r)7r> =As. 

Volumetric Determination of Arsenic by Precipitation as Silver 

Arsenate 

Bennett’s modification of I’carco’s method, comhining Volliartl’s, depends 
upon precipitation of arsenic, from a solution neutTalized with acetic, hy addit ion 
of neutral silver nitrate solution; the silver arstaiate is dissolved in nitric acid, 
and tlic silver titrated with standard thiocj'anate. 

Procedure. 0..5 gram, or less, of tlie finely j^owtlered substance is fus(!d 
with 3 to 5 grams of a mixture of sodium carlxniatt! and potassium nitrate (1 : 1) 
about one-third being used on t«ip of the charge. Tlie cooled mass is extracted 
with boiling water and tiltered. Tlie filtrate, containing the alkali arsenate, 
is strongly acidified with acetic acid, boiled to expel the carbon dioxide, 
then cooled and treated with sufficient sodium liydroxide solution to give an 
alkaline reaction to phenolpiithalein hulicator. The purple red color is now 
discharged from the solution by ad<lition of acetic acid, A slight excess of 
neutral silver nitrate is vigorously stirred in and the preeijutate allowed to settle 
in the dark. The supernatant liquiil is ]ioured off through a filter and the 
pnicipitato washed by decantation with cold distilled water, then thrown on the 
filter and W'ashed free of silver nitrate solution. The funnel is filled with water 
and 20 cc. of strong nitric acid added. The dissolved silver arsenate is caught 
in the original beaker in w'hich the precipitation was made;, the r<!siduo on the 
filter ■washed thonnighly with cold water and the filtrate and washings made 
up to ItX) cc. The silver is now titrated by additi<»ti of standard ammonium 
or potassium thiocyanate, until a faint r<*d c«*lor is evidcnit, using ferric ammonium 
alum indicator, according to the procedure dc;scribed for determination of silver. 
(See Chlorine aiul Silver Chapters.) 

One cc. N/JO thiocyanate =0.010788 gram Ag. 

Factor. AgX0.23i6 =As. 

Note. The silver arsenate salt is nearly six tiniea the weight of arsenic, so 
that very small amounts of arsenic nniy he determined by the ])roeedurci, hence 
it is not necessary to use over 0..5 gram of the material. For traces of arsenic the 
Gutzeit method, following, should be used. 

DETERMINATION OF SMALL AMOUNTS OF ARSENIC 
Modified Qutzeit Method ^ 

The following procedure furnishes a rapid and accurate method for deter- 
mination of exceedingly small amounts of arsenic ranging from 0.001 milli- 
gram to 0.5 milligram AssOs. It is more sen.sitivc and less tedious than the 
Marsh test. The details, given below 'with slight modifications, have been 
carefully worked out in the laboratories of the General Chemical Company * 
and have proved exceedingly valuable in estimating small amounts of arsenic 
in acids, bases, salts, soluble arsenic in lead arsenate and zinc arsenite and other 
insecticides, traces of arsenic in food products, baking powders, canned goods, etc. 

* Modification of the method of W. S. Allen and R. M. Palmer. By courtesy of 
the General Chemical Company. 
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Tlio method depends up<ui tin; evolution of ursine by tlie ucdion of liydrogen 
on arsenie c(nn])<>un(]s under the eatalytie aeticjii of /ine, the reaction taking 
j)laco either in iilkaline or arid solutions. The evolved arsine nwts with mer- 
curic cbloride, forming a colored compouinl. From the length and intensity 
of the color stain tin; amount of arsenie. is estimated by comparison 'with 
.standard stains. 

Arsine is evolves! from an acid solution under dedinite conditions of aeddity, 
amount of zinc u.sesl, teanperature, strength of sulutuai of nuircuric chloride 
used in sensitizing the t<!st-))ai)<'r, size of apparatus, volume of solution, amount 
of iroti accelerator, and of stannous chloride reducer, etc., conditions which 
liave ])roven, by <'xt('tide<l tests, to be most efiicient. The.s<! (tonditions mast 
be adhered to for mliable results. For example, vtiriation of acidity and the 
amount of zinc, will i)nKluc(‘ stains of variable length and intensity Avith equal 
amounts of ar.senic, the stain being longer and less intense Avith the more rapid 
('A’olution of the gas. LikoAvise the greater the concentration of mercuric 
ehh)ri«lo on the sensitized i)aper, the shorter the length of the stain and the 
deeper its color. 

Special Reagents. Standard Arsenic Solution. One grain of resublimed 
ansenous acid, AsS'^O;,, is di.ssolved in 2 ^ cc. of 20*^0 sodium hydroxitle solution 
(arsenic-free) and neutralizi'd Avith dilute sulphuric acid. This is diluted with 
fresh distilled Avater, to which 10 cc. of 112^04 has been added, to a 

A’olume of loot) cc. Ten cc, of this solution is agiiin ililutod to a liter with dis- 
tilled AA’ater containing acid. Finally 100 cc. of the latUir solution is diluted 
to a liter Avith disUlled AA’atiir c.ontaining acid. One <*,c. of the iinal .solution 
contains 0.001 milligram .\s.jO,. 

Standard Stains. Tavo sets of stains are made, one for the small apparatus 
for determining amounts of AsoOj ranging from 0.(M)1 to 0.02 milligram, and a 
second set for the larger-sized apparatus for determining 0.02 to 0..'> milligram 
As.Oa. Stains made by AsjOs in the folIoAving amounts are conveniiait for the 
sta'iuiard .sets; e.g., sniall ai)paratus, 0.(H)1, 0.002, 0.004, O.tXlO, 0.01, O.lf), 0.02 
milligram As^Oa, Large apparatas, 0.02, O.Oo, 0.1, 0.2, O.Jl, 0.4, 0.5 milligram 


AsaOa. 

In making the stain the reipiisite amount of standard reagent, As*0* solution, 
is placed in the Cutzeit bottle with the amounts of reagents prescribed for the 
regular tests and the run made exactly as prescribed in the regular procedure. 

Preservation of the Stains. The strips of sensitized paper with the arsenic 
stain are dipped in molten paraffine (free from water), and mounted on a sheet 
of white paper, folded back to form a cylinder. The tube is placed in a 
gla.ss test-tube containing phosphorus pentoxide, which is then closed uy 
a stopper. It is important to keep the stained strip dry, otherwise the 
stain soon fades, hence the pajior on which the strips are mounted and the 
gla.s8 test-tube, etc., must be perfectly dry. It is advisable to keep the standard 
in a hydrometer case, while not in use, as light will gradually fade the color. 

Sensitized Mercuric Chloride (or Bromide) Paper. 20X20 in. Swedish Filter 
Paper No. 0 is cut into four equal squares. For use in the large Gutzeit appa- 
ratus the paiier is dipped into a 3.25% solution of mercuric chloride (mercuric 
bromide may lx; used in place of the chloride) or if it is to be used in the small 
Gutzeit apparatus it is diiiped into a 0.35% mercuric chloride solution. (The 
weaker the solution, the longer and less iiiten.se will be the stain.) The paper 
should be of uniform thickness, otherwise there will be an irregularity in length of 
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stain for the same amounts of arsenic:. (The thicker the paicer the shorter 
the stain. The pajx'r is hung up and dried in the air, free from gas fumc's, 
HaS being particularly undesirable.) Wlietc dry, half an inch of the outer 
edge is trimmed off (since this is apt to contain more of the reagent), 
and the paper cut into strips. The paper with more concentrated reagent 
is cut into strips 13 cm. by 5 mm. and that with 0.5% mercuric chloride 
into strips 7 cm. by 4 mm. The paper is preserved in bottles with tight-fitting 



Fig. 6 . — Purification of Hydrochloric Acid. 

stoppers. "Standards should be made with each batch of paper. Paper with 
a white deposit of IlgCh should not be used. 

Ferric Ammonium Aium. Eighty-four grams of the alum with 10 cc. of 
mixed acid is dissolved and made up to a liter. Ten cc. of this solution con- 
tains approximately 0.5 gram Fe 203 . 

Lead Acetate, One per cent solution with sufficient acetic acid to clear 
the solution. 

Zinc, Arsenic-free zinc shot, 3 to O-in. mesh. The zinc is treated with C. P. 
hydrochloric acid, until the surface of the zinc becomes clean and dull. It is 
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then washed, and kept, in a easserole, eoveri'd with (iistilled wjiler, a eloek-Klasa 
keeping out the dust. 

Mixed Acid. One volume of aisenie-fixH? ir.S ()4 is diluted with four vol- 
umes of pure water and to this are added 10 grams of NaCl jx'r each IflO cc. of 
solution. 

Stannowt Chloride, Eighty grams of stannous chloride dissolved in 100 cc. 
of water containing 5 cc. arsenic-free hydrochloric acid (1.2 sp.gr.). 

Arsenic-free Hydrochloric Acid. The conmiercial acid is treated with potas- 
sium chlorate to oxidize the arsenic to its Mgher form and the acid distilled. 
The distilling apparatus may be arranged so that a constant distillation takes 
jilace, acid from a large container dropping slowly into a retort containing 
potassium chlorate, fresh hydrochloric acid being supplied as rapidly as the 
acid distills. See Fig. 5 on page 42. 

Lead Acetate Test Paper tor Removal of HJ3. Large sheets of qualitative 
filter paper are soaked in a dilute solution of lead acetate and dried. The paper 
is cut into strips 7X5 cm. 

Blanks should be run on all reagents used for tliis work. The reagents are 
arsenic-free if no stain is produced on mercuric chloride pajier after forty-five 
minutes’ test. 

Special Apparatus. The illustration, Fig. 6 (page 46), shows the 
Gutzeit apparatus connected up, ready for the test. The dimensions on the 
left-hand side are for the small apparatus and those on the right for the large 
form. Rubber stoppers connect the tubes to the bottle. The apparatus con- 
sists of a wide-mouth 2-oz. or 8-oz. bottle according to whether the small or 
large apparatus is desired, a glass tulw (see Fig. 6) containing dry lead acetate 
paper and moi.st glass wool for removal of traces of hydrogen sulphide and a 
small-bore tube containing the strip of mercuric chloride paper. 

Preparation of the Sample 

The initial treatment of the sample is of vital importance to the Gutzeit 
Method for determining traces of arsenic. The following procedures cover 
the more important materials or substances in which the chemist will be called 
upon to determine minute amounts of arsenic. 

Traces of Arsenic in Acids. The acid placed in the Gutzeit apparatus 
should be equivalent to 4.2 grams of sulphuric acid or 3.1 grains of hydrochloric 
acid and should contain 0.0.5 to 0.1 gram Fe*Os equivalent. If large samples 
are required for obtaining the tost it is necessary either to expel a portion of 
the acid in order to obtain the above acidity or to make standard stains under 
similar conditions of acidity. It must be remembered that arsenous chloride 
is readily volatile, whereas the arsenic chloride is not, hence it is necessary to 
oxidize arsenic before attempting to expel acids. If nitric acid or bromine or 
chlorine (chlorate) be added for this purpose, it must be expelled before attempting 
the Gutzeit test. Nitric acid may be expel let! by adding sulphuric acid and 
taking to SOs fumes. Free chlorine, bromine, or iodine will volatilize on 
warming the solution. Chlorine in a chlorate is expelled by taking the sample 
to near dryness in presence of free acid. Sulphurous acid or hydrogen sul- 
phide, if present, should be expelled by boiling the solution, then making faintly 
pink with KMnlh and destroying the exce.ss with a drop or so of oxalic acid. 
SO* is reduced by zinc and hydrogen to H*S, which forms black HgS with 
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tnorcuric: ciilorido, hence removal of SOj and HjS jire necessary before running 
the test. 

Sulphuric Acid. With amounts of arsemic ('xceeding O.OOO r)% .Xs^O.,, .o (o 
10 grams of acid, according to its strength, are taken for .analysis and diluted to 
15 or 20 CO. If lIjS or SO^ are jm'sent, exjK'l by boiling for fifbaai or twenty 
minute.s. Prolonged fuming of strong acid should la* avoided by previously dilut- 
ing the acid with .sufficient watei*. In mixed acid containing nitric acid tin* 
.sample is taken tf) SO., fume.s to exj)el nitric acid. The procedure given later for 
the regular determination is now followed. 


For estimating very minute amounts of arsenic, ().()()0(K)5 to O.OOtMF)^,', As.,0„, 
it is necessary to take a 25- to .50-gram sample for analysis. The acid is treated 
.as directed above for removal of HaS or SOa or nitric acid and diluted in the 
Gutzeit apparatus to at haist 130 cc., using the large? apjairatus. Upon the 
addition of iron and stannous chloride as directed in the procedure de.scribed on 
page 4(5 for large Gutzeit test. The stains are compared with standard stains 
I)n)duced by known amounts of arsenic atlded to 50-gram portions of arsenic- 
free suliihuric acid of strength equal to that of the s.nni)le. The stiiins are longer 
and less intense than those produced by less acid. 

Hydrochloric Acid. T wt'ntj’ cc. is t;iken for amilysis fsp.gr. b(?ing known); 
the sample should contain an acid eciuivak'iit of about 3.1 grams of hydrochloric 
acid. Ghlorine is expelled by bubbling air through the acifl before taking a 
sample. The pn»cedure is given f(»r further treatment of the sample following 
the sf'ctioii on preparation of ( ho .sample. 

Nitric Acid. One hundred cc. <if the acid (sp.gr. being known) is evsip- 
orated with 5 cc. of concentrated sidphuric acid to S().t fumes, to expel nitric 
acid. Arsenic is determined in (he nisidue by the .standard procedure. 

Iron Ores, Pyrites, Burnt Pyrites, Cinders, etc. One gram of the (inely 
ground ore is oxidized by treating wi(h 5 ce. of a mixture of 2 parts Ihiuid 
bromine and 3 jMirts of carbon t(;trxichlorMle. After fifteen minutes, 10 cc. of 
concentmled nitric acid are xulded and tiu; niixtun; taken to dryness, h’ive cc. 
of concentnitexl sulphuric xicid {SW/D are added and the mixture taken to SO., 
fumes to e.xpol the nitric acid. Tin? cotxled .sjunple is taken up with .50 cc. of 
wxiter jind digxisted until sill <if the iron sulphate h.as dissolved; it is now wjished 
into a 100-cc. flxisk, made to volume, and arsenic determined in an alixpiot portion 
in the ususil way, given later. Insoluble Fe.jO.,, brhjuettes, etc;., is best dis- 
solved by fusion with potas.sium bisididiate, KnS 04 . The fu.sed jnass is dis- 
solved in wann dilute hydrochloric xicul, ati<l then washed into the Gutzeit 
bottle. 


Alumina Ores. Bauxite. One griiiii <>f bauxite is trexited with one part 
of concentrated nitric acid and (; pjxrts of concentrated hydrochloric acid, xuul 
tiiken to dryness on the W'.ater Imth. The re.sidue is taken up with an etjuiv- 
alent of 4.7 grams of hydrochloric acid or (5.3 grams of sulphuric .acid in a 
volume of 25 ec. and the mix heated until the imiterial has dissolved. The 
sample is diluted to exactly 100 cc. and arsenic detennined on an aliquot 
portion. 


Phosphates, Phosphoric Acid. Arsenic, in phosphoric acid, combined or 
free, cannot be determined in the usual way, as P2O6 has a retarding effect 
upon the evolution of arsine, so that the results arc invariably low, and small 
amounts of arsenic escaping detection. Arsenic, however, may be volatilized from 
phosphates and phosphoric acid, as arsenous chloride, AsCU, in a current of 
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hydrogen eldorido by hciiling to boiling. One gram or more of the phosphate 
is placed in a small distilling flask, connected directly to a 0-in. coil condenser 
diliping into the Cutzeit bottle, containing 20 to 30 cc. of cold distilled water. 
A second bottle connected in series may be attached for safeguarding loss (this 
sehlom occnirs). Fifty cc. of concentrated hydrochloric acid are added to the 
sample and T) grams of cuprous chloride. Arsenic is distilled into the Gutzeit 
bottle by heating the solution to boiling and ])assing a (Mirrent of air through 
strong hydrochloric acid into the distilling flask by applying suction at the re- 
ceiving end of the system. All of the arsenic will bo found in the first 10 or 15 
cc, of the (list illate. Arsenic may now be evolved after addition of iron, stannous 
chloride and zinc, as directed in the procedure. 

Salts, Sodium Chloride, Magnesium Sulphate, etc. One-gram samples 
are taken and dissolved iti a little waUsr and an ociuivalent of 6.3 grams 
of sulphuric acid addeil. 'Phe solution of iron and stannous chloride having 
lH‘en added, the run is made with 5 cc. of zinc shot, placed in the Gutzeit 
bottle. 

Baking Powder, Other than Phosphate Baking Powder. A 10-gram 
sampl(! is heated with 10 cc. hydnwhloric ;icid, 10 cc. of f<*rric ammonium alum 
and 3t) cc. of distilled wale*', i;n‘i' the .'tarch hydrolyzes. 0.5 cc. of .-itannous 
chloride is added to the hot so'ulion and the mixture washed into the Gutzeit 
api)aratus. The reejuired amount of zim* is adde<l and the arsenic determined as 
usual. 

Phosphate Baking Powders. T(!n grams of the mat(‘rial mixed to a pastcj 
with about 50 cc. of hydrochloric acid arc traiisfciTcd to a smtdl distilling flask 
with a few cc, of lici. A tube, connected to a bottle of strong hydrochloric 
acid, pas,ses into the mixture in the flask through a ground gla.ss stopjx'r. The 
flask is attached to a tube, which dii)s into water in a Gutzeit bottle. Two 
Trains of cuprous chloride? are add(!d, the apparatus made tight and the flask 
i nmersed in boiling hot water, liy aspiniting air through the .system into the 
Gutzeit bottle, which is water cooled, arsenic distills into the bottle and may be 
determined by the procedure outlinetl. 

Arsenic in Organic Matter, Canned Goods, Meat, etc. The finely chopped, 
well-mixed sample is placed in a large flask and enough water added to pro- 
duce a fluid mass. An equal <iuantity of concentrated hydrochloric acid and 
1 to 2 grams of pota.ssium chlorate are added. 'The flask is shaken to mix the 
material anil it is then placed on the .steam bath. Upon becoming hot, nascent 
chlorine is evolved and vigorously attacks the organic matter. Half-gram 
jiortions of potassium chlorate are added at five-minute intervals, shaking the 
flask frequently. When the organic material has decomposed and the .solution 
becomes a pale yellow color, the imiss is diluted with w'ater and filtered. Arsenic 
will be found in the filtrate. A white, amorphous substance generally remains 
on the filter, when cadaver is being examined. The filtrate is diluted to a 
given volume and an aliiiuot jiortion taken for analysis. This is evaporated to 
near dr>'ne.ss to expel excess of acid and decompose chlorates. An equivalent 
of 4.7 grams of hydrochloric acid is added (three times this amount for the 
large aptiaratus), tlie volume of the solution made to about 30 cc., 10 cc. of ferric 
ammonium alum and 0.5 cc. of stannous chloride added, and the solution poured 
into the Gutzeit apparatus for the test as given below. 
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Procedure for Making the Test 


For amounts of arsenic varying from 0.(K)1 milligram to 0.02 milligram AsjOs, 
the small apparatus is used. The vr)lunie of the solution .should bo SO cv. It 
should contain an o(iiiivalont of 4.2 to grams sulphuric acid and should have 

about 0.1 gram equivalent of FotOs reduced by O..*! 


Small Apporatuv n Lorga Apparatus 
/Ocm long |l j| . 16cm long x 
4 mm Bore \ |l IL ' 7 Smm Bore 
Constricted '-H, r Constricted 
6cm from |! I- I2cm from 

Upper fnd IJI Upper fnd 


c'c. of stannous clilorido solution. Arsine is j^en- 
erated l)y atlding one 5-(?e. eruciblo of arsenie-freo 
zinc shot, ^ to ^-iiich mesh. Temperature 75 to 
80° F. 


Strip HgCt^ 
Paper m Tube 


Scm X l2Scm^ 

/P 

Glass Woo! H 

Moistened 
with Lead ^ 

Acetate 
Elution 

7cmxt.2£cm'^ 
Drj/ 

Acttai* Paptr 


F7 ‘Gcm.xIScm. 


'"Bern X LS cm. 


Bottle 
60cc.,for 
Tests of 
AS»(^tel6w 
QCSm^.A^O^ 


B'-oz, Bottle 
ZBOcc ,for 
Tests of 


i-;-c M 


over* 05 mg. 


Fig. 6. — Cut^^eit Apparatus 
for Arsenic Determination. 


For amounts ranging from 0.02 to 0.5 milli- 
gram AS2O3/ the largo apparatus is used. The 
volume of the solution should be about 200 ce. 
and should contain an equivalent of 18.5 grams 
of sulphuric acid and should have 0.1 gram cciuiva- 
lent of Feat >3, reduced by 0.5 cc. stannous chloride 
solution. Arsine is generated by adding one 12-cc. 
crucible of zinc shot (i to g-inch mesh.) The tem- 
perature .should be 105° F. The sample taken 
should be of such size that a stain is obtained 
(Hiuivalcnt to tliat given by 0.1 to 0.5 milligram 
AsaOa. 

Lead acetate paper is placed in the lower por- 
tion of tulxj B\ the upper portion of B contains 
glass wool moistened with lead acetate solution; 
the tube A contains the test strip of mercuric 
chloride paper. See Fig. 6. Immediately upon 
adding the required amount of zinc to the solution 
in the bottles, the connected tubes are put in 
position, as shown in the illustration, and the 
bottle gently shaken and allowed to stand for one 
hour for the small apparatus, forty minutes for the 
large. The test paper is removed, dipped in 
molten paraffine and compared with the standard 
stains. See Plate I. 


Estimation of Per cent. 


The milligram AS2O3 stain X 100 
Weight of sample taken 


— % AS203. 


* It is advisable to use smaller samples when the arsenic content is over 0.3 milli- 
gram As 2 () 3 , as the longer stains are unreliable. 

Ferrous iron prevents polarization lictween zinc and the acid and hence aids in the 
solution of arsine. 

In the analysis of baking jiowdors, bau.\ite, sodium or similar salts, the distillation 
method is recommended. See pages 44 and 45, “ Phosphates,” and “ Phosphate baking 
powder.” 

Hydrochloric acid is used in place of sulphuric acid in cases where complete solu- 
tion by the latter acid cannot be effected. 

Standards and samples should be run under similar conditions, temiieraturc, 
acidity, amount of zinc, volume of solution, etc. In place of zinc shot, zinc rotls, cubes 
or discs may be used for generating arsine and hydrogen. 
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METHOD FOR ANALYSIS OF COMMERCIAL “ARSENIC/* 

ARSENOUS OXIDE, A52O3 

The following constituents may be commonly present as impurities, SiO*, 
Sb,0„ Fe,0„ NiO, CoO, CaO, SO,, Cu, Pb, and Zn; 

Determination of Moisture 

Two 10-gram samples are dried to constant weight in the oven at 100^ C* 
Ix>ss in weight » moisture. 


Sulphuric Acid, H2SO4 

The samples from the moisture detennination are dissolved in con'centrated 
hydrochloric acid, heating to boiling if necessary, and the samples diluted to 
300 to 400 cc. Barium chloride solution is iidded in slight excess to the hot 
solution, the precipitate, BaSO,, allowed to settle and filtered and the sulphate 
dried and ignited as usual. 

BaSO4X0.343 =SO,. 

Determination of Arsenic as AS2O3 

Duplicate d-gram siimplcs are dissolved in 20 grams potassium carbonate 
in 60 cc. of hot water, by boiling until sohation is effected. The samples are 
made up to 1 liter and alhiuots of JOO cc. (=0.5 gram) taken for analysis. The 
solution is made faintly acid with hydrochloric acid, testing the solution with 
litmus paper or lay adding metliyl orange directly to the solution. An excess 
of bicarbonaite is added aind the arsenic titrated with tenth-normal iodine 
according to the standard procedure for arsenic. One cc. N/10 I =.004948 
gram As^O,. 

Residue upon Sublimation of AS2O3. Si02, Pb, Cu, Fe203, NiO, 

CoO, Zn 

Two 5-gram samples are weighed into tared porcelain crucibles and heated 
gently on sand baths with the sand banked carefully around the crucible so 
as to heat the entire receptacle. After the gicator part of the arsenous oxide 
has volatilized, the crucible is ignited directly in the flame to a dull red heat, 
until fumes are no longer given off. Tlie residue is weighed as total non-sub- 
limablc residue. 

Silica 

The resuhies are transferred to beakers and treated with aqua regia, taken 
to dr>’ncss, ami tlie silica dehydrated at 110° C. for an hour or more. The 
residue is tiiken up with hot dilute hydrochloric acid, boiled, and the silica 
filtered off, ignited, and weighed. 

Lead and Copper 

The filtrate from the silica is “ gassed ” with H 2 S and the precipitate filtered 
off. The filtrate is put aside for determination of iron, etc. The precipitate is 
dissolved in hot dilute nitric acid, 2 to 3 cc. of concentrated sulphuric acid added. 
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the solution taken to SO 3 fumes, the cooled concentrate diluted to 20 or 30 cc., 
and the lead sulphate filtered off, ignited, and weighed as PbS 04 . 

The filtrate from the lead sulphate containing the copper is treated with 
aluminum powder and the copper thrown out of solution; the excess of alumi- 
num is dissolved with a few cc. of hydrocldoric acid. The filtrate should be 
tested for copper with IlaS and the precipitate added to the copper thrown 
out by the aluii’inum. The cojjper on the filter is dissfdved in hot dilute nitric 
acid, the extract evaporated to 2 or 3 cc., the acid neutralized with ammoniii 
and then made acid with acetic; j^otassium iodide added and the liberated iodine 
titrated with statidard thiosulphate solution acciording to the regular scheme for 
copper. 

Iron, Nickel, Cobalt, and Zinc 

The fillrate from the ]1«»S (Jroup is boiled to ex]K*l the IlaS and the iron 
oxidized by addition of nitric; aci<l and boiling. The iron (and alumina) is 
precipitated with anuuonium hydroxide and the pmripilate filtered off and 
washed stweral times with hot water. Tf idumina is suspected (light-«*olorcd 
precipitate) it may be tletcnnined by the difference inotliod ignition of the 
precipitate, weighing, and finally subtracting the ir<ni found by titration with 
standard stannous chloride solution. The iron Ls dissolved in hydrochloric acid 
and titrated hot with stannous chhiride solution. 

The filtrate from the iron is boiled and a 1^1 alcoholic solution of dimothyl- 
glyoxirne kidded to jirecipitate the nickel. The salt is filtered on a tared 
(looch, the i)recipitate dried at 100° C., and weighed. The weight of the 
salt X 0.2032 =Ni. 

The filtrate from the nickel is boiled until all the alcohol has been driven 
off and the cobalt prcciintated by addition of sodium h.vdroxidc in excess 
filtered, ignited, and weighed as C’oO. 

The filtrate is made acid with hydrochloric acid, and then alkaline with 
ammonium hydroxide and colorhiss sodium sulphide solution added to ])re- 
cipitate the zinc. The mixture is boiled five to ton minutes, the prcciintated 
ZnS allowed to settle, filtered off, and wasluid once or twice and then dissolved 
in hydrochloric acid and the zinc d(;termiiu‘d by tit ration directly Avith potassium 
ferrocyanide, or by converting to the carbonate by addition of i)otassium car- 
bonate, filteriMl and washed fre«‘ of alkali, the iin'cipitatc dis.solved in a known 
amount of sbindard acid, and the excess a<'itl titrate<l with standard caustic 
(methyl orange indicator) according to the procedure given for zinc. 
11*804X 0.06665 =Zn. 

Antimony and Calcium Oxides 

Two 15-gram samples are treated with 300 cc. f)f concentrated hydrotihloric 
acid, boiled doAvn to 50 cc. to expel the arsenic as AsOh, an ecpial amount 
<»f ccnicentratod hydrochloric acid is added, and the last traces of arsenic pre- 
cipitated^by 11*8 passed into the hot concentrated hydrochloric acid solution. 
Tl»e arsenous sulphide, A-s-Ss, is filtennl off. Antimony is precipitated by dilut- 
ing the s<ilution with an c(iual volume of water, the solution having been concen- 
trated by boiling down to about 50 cc. The SbjSs is filtered off, w:xshed several 
times with hot water, rlissolved by washing through the filter with concentrated 
hydrochloric acid, and antimony determined in the strong hydrochloric acid 
solution by the potassium bromate method — addition of methyl orange indicator 
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and titration with standard potassium bromate added to tho hot solution to the 
disappearance of the pink color of the indicator. 

The filtrate from the antimony is concentrated, made slightly alkaline with 
ammonium hydroxide, and gased with h3'drogen sulphide to remove iron, nickel, 
cobalt, zinc, chromium, and hist traces of lead, etc. The filtrate is then con- 
centrated and made acid with cr\'stals of <»xalic acid, boiled aiid methyl orange 
added and then ammonia drop by drop slowly until the indicator changes to 
an orange color. An excess of anunonium oxalate is now added and the beaker 
placed on the steam bath until the calchun oxalate has settled. The lime is 
now determined by filtering off the precipitate and washing, drying and igniting 
to CaO, or by titration with standard pennanganate, according to the regular 
procedure for calcium. 

'riie author wishi‘s (o acknowledge tlu! assistance received from Mr. J. P. Kelly and 
Dr. F. E. Hale by review and criticism of this chapter. 



BARIUM 

WlI.FKKD W. ScXilT 

Ba» at.wt. 137 >37 ; sp.gr. 3.78; m.p. 850° C.; volatile at 050° C.; oxides, 

BaO, BaOj. 

DETECTION 

Barium is precipitated as the carbonate together with strontium and oal- 
cium, by addition of ammonium hydroxide anti ammonium earbonate to the 
filtrate of the ammonium sulphide group. It i.s st^parated from strontium 
atid ealeium by precipitation as ytJlow barium chromate, Ba('r()4, from a slightly 
acetic acid solution. 

Saturated solutions of calcium or strontium sulphates precipitate white 
barium sulphate, JiaS()4, from its chloridt? or nitrate or acetate solution, barium 
.sulphate b(!ing the h'ast soluble of the alkaline earth sulfihates. 

Soluble chromates prc(‘i])itate y(‘IIow biirium chromate from its neutral - 
or slightly acetic acid solution, insoluble in wabir, moderately .soluble in chromic 
acul, soluble in hydrochIori<! or nitric acid. 

Fluosilicic acid, HjSiFc, preci|)Uat(‘s whib;, crystalline barium fluosilicatc, 
BaSiFj, sj)aringly soluble in acetic acid, insoluble in alcohol. (The fluosilicates 
of calcium and strontium are soluble.) 

Flame. Barium compounds color the flame yellowish gnjcn, which appears 
blue through gretm glass. 

Spectrum.^ Three characteristic greem bamls (a, 7). 

Barium sulphate is precipitated by addition of a .soluble suljdiate to a solu- 
tion of a barium salt. The cornjjound is extremely insoluble in water and 
in dilute achls (soluble in hot concentrated sulphuric acid). The sulphate is 
readily distinguished from lead sulj)hato by the fact that the latter is .soluble 
in ammonium salts, whereas barium .suljdiate is practically insoluble. 

ESTIMATION 

The determination of barium is recpiired in the valuation of i(s ores, barite^ 
heavy spar, BaStb; witherite, BaC(>.(; b.aryto calcite, BaCOjCaCOj. It is de- 
tenuined in certain white mixed jiaints and colored pigments, A'enetian, Ilarn- 
burg or Dutch whites, chrome paints, etc. In analysis of I’aris green, baryta 
insecticales, putty, asjdialt, dressings and ])avement snrfacings. It may be 
found as an adulterant in foods, wood preservatives, filler in rubber, rope, 
fabrics. It is determined in salts of barium. The nitrate is used in pjTo- 
techny, in mixtures for gnicn fire. 

Preparation and Solution of the Sample 

C’omixmnds of barium, with the exception of the sulphate, BjiHO,, are sol- 
uble in hydrochloric and nitric acids. The .sulphate is soluble in liot concen- 

' »^co Preliminary Tc.st.s under 8ci)arations. 
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tmtcd sulphuric acid, hut is rcprecipitatecl upon dilution of the solution. The 
sulphate is host fused with sodium carbonate, which transposes the compound 
to barium carbonate; sodium sulphate may now bo leached out with water and 
the rt\sidue, BaCOj, then ilissolved in h 3 'drochl()ric aciil. 

Solution of Ores. Sulphates. OJy to I f;ram of the finely divided ore is 
fused with 3 tt) .'i grains of sodium aial potassium carbonate mix, 2 : 1, or 
sodium carbonate abjiie, in a platinum dish. (Prolonged fusion is not nec- 
essary.) The melt is cooled and them extracted with hot water to dissolve 
out the alkali siili)hates. Barium carbonate, togethfir with the other insoluble 
<*arbonal<es, may now be dissolves! by hot elilute hj'elrochloric aciil. From this 
solution barium may be iH'ociiiitntcd ly addition of sulphuric acid. If it is 
d(‘sired to separate; barium aleing with stre)ritiuni, e-alcium, and magnesium, 
the niembei’s eef the preceuling gre)ui)s are r<;me)veel b\' Il-S in ae‘iel and in ammo- 
niae-al se)lutie)n, as elircedeel unele-T “Se‘paratie»ns.” 

Sulphides. 'I'lie; e>re is e>\ielize!d, as elire*e-te*el feer p.vrites uneler the subjeed 
eel sul])l\ur. Afte'r the reaneeval e>f the seeluble; sulplaites, the; resieliie, cemtaining 
silie-a, barium, aeiel small amounts eef inse>luble eexiele's, is fuseel anel elissolved 
ace'emling tee tie* i)re)e*e‘elure; for sulphate's. 

Carbonates. In absence of sulphates the; material may be dissedv'cd with 
hj'tlrochleiric ae-iel, taken tee eirvne'ss te) elehyelrate silie-a anel afte;r heating fe>r 
an heair in the stt'am eiven (II()°-l) the; re'sielue is cxtracleal with dilute hydre)- 
chle)ric aciel and fllte'red. The tiltrate; is cxamincel fe»r barium according to 
erne of the pre)ce*elure»s giv(;n later. 

Salts Soluble in Water. Nitrate's, chlea'iele's, acetates, etc., are disse)lved 
with welter slightly eicieluleiteeel with hyelreK'hleerie* eie'iel. 

Material Containing Organic Matter. 'Phe substance is roeisted to destre)y 
organic meitter befeero treeitmont with eiciels eer by fusieen with the alkeili e;:irbonat(is. 

The Insoluble Residue I’cnieiining freem the aciel tri;atment of :in ore nuiy 
contain beirium sulphate in eidelitieni to sili<*a, etc. The filter cemteiining this 
resielue is burneal anel the ash we'ighe;el. Silie'a is neiw volatilizeel by aelelition 
e)f hydroflueiric ae'iel with a fe'W elreijjs of sulphuric aciel, and eveipeiratiem to 
elryness. If an insolulile substance still reauains after taking up the remaining 
resielue w'ith elilute hyelroi;hloric ewiel, barium sulphate is inelie'ateel. This is 
tre'eiteel acceireling to the metheiel give'ii feir sulphate;s. 

NeiTK. The; inseehiblc substane'e* re'inaining is fre'<iue'ntly igniteel anel wcigheKl as 
barium sulpliiitc without fusieeu with (lie e-arbeui.-ite-. 

SEPARATIONS 
The Alkaline Earths 

Preliminary Considerations. In the ele;te'rminatie)n of barium, e'alciuin. 
anel streintium, the feillowing e*aus('s ina.v le'tiel to leiss eif the elements seinglit: 

a. Presence of P/iospholcs. I’heisphorie aciel, free e>r cemibined, has a dccielesl 
influence upon the detcrininatiem eif the members eif this greiup. (-ombineel 
jis plie)S[)hate it will c;ausc the cennjdete pn'cipitatiem e>l barium, e'alcium, anel 
strontium, alemg with irem, alumina, e'te;., u])on making the seilution alkaline 
for removal of the amnioniimi sulpliiele greiup. It is a common ])ractie;e tej 
heilil up the iron+alumina by nu;ans of tartaric, citric, or other organic acids 
bcfejrc making ammoniacal fe>r preeripitatiem e>f this group as oxalates, or again 
the basic acetate method is uscel for precipitation of iron and alumina; calcium, 
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barium, and strontium going into solution. Them procedures may be satis- 
factory for the analsrsis of phosphate rock and similar products, but do not cope 
with the difficulty when large amounts of phosphates are present. In samples 
containing free phosphoric acid, barium, calcium, and strontium, present in 
small amounts, may remain in solution in presence of sulphates or oxalates. 
Appreciable amounts of calcium, 1% or more, may escape detection by the 
usual method of precipitation by ammonium oxalate added to the alkaline 
solution, on account of this interference, so that the removal of phosphoric acid 
before precipitation of this group is frecjuently necessary. This may be ac- 
complished by additioi. of ]x>tassimn carbonate in sufficient excess to combine 
completely with the ph<tsphoric acid and form carbonates with the bases. The 
material taken to drjmess is fused with additional pota.ssium carlwnate in an 
iron crucible, and the fusion leached with hot water — .sodium phosphate dis- 
solves and the carbonates of the heavy metals remain insoluble. 

b. Another source of loss is the presence of sulphates, either in the original 
material or by intentional or accidental addition, in the latter case due to the 
oxidation of hydrogen sulphide, which has been p.asscd into the solution during, 
tlie removal of elements of the hy<lrogcn sulphide and ammonium sulphide 
groups, barium and strontium sulphate being precipitated along with these 
members. A potassium (arbonatc fusion will fonu Na 2 S() 4 , which nuiy be 
leachc<l out with water. 

c. Loss may be cau.setl by occlu.sion of barium, calcium, .strontium, and mag- 
nesium by the gelatinous precipitates Fe(OIl) 3 , Al(OH) 3 , etc. A double precipita- 
tion of these comp()un(!s should be made if considerable amounts are present. 

d. A large excess of aitirnonium salts, which accumulate during the pre- 
liminary’' separations, will prevent precipitation of the alkaline earths. This 
can be avoided by using the necessary care retpiired for at*curatc work, the 
addition of reagents by means of burettes or according to <le/initc measure- 
ments in gmduates, etc. Careless ad<iitiou of large amounts of ammonium 
hydroxide and hydrochloric acid should be guarded against. In case large 
amounts of ammonium chloride are present, time is frequently .saved by a 
repetition of the separations. .Ammonium chloride may be expclletl by heating 
the material, taken to dryness in a large platinum dish, the ammonium salts 
being volatilized. 

e. Carbon dioxide absorbed by ammonium hydroxule from the air will 
precipitate the alkaline earths with the ammonium sulphide group. 

Direct Precipitation on Original Sample. For the detennination of 
barium, calcium, and strontium, it is atlvisablo to take .a fresh sample, rather 
than one that has been prcviou.sly employed for the estimation of the hydrogen 
sulphide and ammonium sulphide groups, as is evident from the statements 
made above. The alkaline earths are isolated by being converted to the insol- 
uble sulphates and s(.q)arations efTected as given later under Sulphate Method. 

Preliminary Tests. Much time may be saved by making a preliminary 
test -for barium, stnmtium, and calcium by means of the spectroscope an ) 
avoiding unnece.s.sary'’ scpar.*iti<»ns. lly this means oncvtliousamlth of a 'milli- 
gram of barium, .six hundri'd-thousaiKlths »)f a milligram of stnmtium or calcium 
may be detected. The char!ictc;ristic syjectra of these elements are given in 
the chart. Plate 11. 

Hy means f)f the spectroscfijM! with the use of the ordinary Bunsen flame 
0.2 millignun of calcium, 0.6 luilligram of strontium and 14 milligrams of barium 
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may bo detected per cc. The test is very much more delicate by the arc spectra 
method.^ The lif]uid containing the substance is connected to the positive 
pole and an iridium needle is connected by means of an adjustable resistance 
of 300 to 500 ohms to the negative p^>le. An K.JVf.F. of 1(K) to 200 volts and 
1 ampere current are nsquired, Hy the arc it is possible to detect 0.002 milli- 
gram of calcium, 0.003 milligram of stnmtium, 0.(K)(> milligram of barium, 
0.1 milligram of magnesium per cc. In these concentrations, calcium shows 
one brilliant line (423 n. bright line (Olfi n/x), and a faint line between them; 
strontium two bright lines (422 and 461 /jm) and two fairly bright lines; barium 
two brilliant lines (455 and 493 /i/u), tw^o other bright lines, and a fairly bright 
one; and magnesium a brilliant band composed of three lines (516.8 to 518.4 
fi/i), as well as a fairly bright line further towards the violet end of the spectrum. 

The flame test may be of value in ab.st*nce of sodium; barium giving a green 
flame, strontium a brilliant scarlet, and cah'ium an orange red. 

Separation from Members of Previous Groups. The members of the 
previous groups may bo removed by precipitation as sulphides by HjS pjissed 
into the acid and then the alkaline solutions, the combinc<l filtrates concen- 
trated to about 300 cc. and made slightly acifl with hydrochloric aedd. The fol- 
lowing procedures for isolation <if barium from magnesium and the alkalies 
and from members of the alkaline earth group may be n<icps.sary before pre- 
cii)itation in its final form. The methods of .sef)aration will apply to the analyses 
of the elements mentioned .so that the debiils of procedure will not bo given 
elsewhere. 

Separation of the Alkaline Earths from Magnesium and the Alkalies. 

Two general procedures will cover conditions commonly met with in analyti<;al 
work: 

A. Oxalate Method. A])plicablc in pre.sence of comparatively large 
portions of calcium. The acid solution containing not <)ver J gram of tlie 
mixed oxides is brought to a volume of 350 c(!. and for ovcr>'- O.l gram of mag- 
nesium present about 1 gram of ammonium chloride is addinl, unless already 
present. Sufficient oxalic; acid is added to compl(;tely preci))itate the barium, 
calcium, and strontium.* (Il,Cs<) 4 - 2 H 20 = 126.04, Ha = 137.37, Ca =40.07, 
Sr =87.63.) The solution is .slowly neutralissed by siddition, drop by drop, of 
dilute aimnonium hydroxide; (1 : 10), methyl orange being used as indicator. 
About i gram of oxalic acid is now added in excess, the solution again made 
alkaline with ammonium hydroxide, and allowed to settle for at least two hours. 
The precipitsite is filtered off and washed with water containing 1 % ammonium 
oxalate, faintly alkaline with ammonia. 

The precipitate contains all the calcium and j)ractically all of the barium 
and strontium. If Mg is present in amounts of 10 to 15 times that of the 
alkaline earths a double precipitation is ne<*e.ssary, to remove it completely from 
this group. The oxalates are dissolved in hydrochloric acid and reprecipi- 
tated with ammonium oxalate in alkaline solution. 

The filtrate contains magnesium and the c.lkalies. I'races of barium and 
strontium may be present. If the sample contains a comparatively large 
proportion of bjirium and strontium, the filtrate is evaimrated to dr^mess, 
the ammonium salts expelled by gentle ignition of the residue, and the Ba and 

*K. H. Kicsenfcld and G. Pfiitzer, Her., 1913, 46, 3140 -3144; Analyst, 191 J, 38, 584. 

» (Weium and strontium will slowly j)rccipitatc in the oxalic acid solution. Ha 
oxalate will precipitate upon making the solution alkaline. 
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Sr recovered as sulphates according to the method described below. Mag- 
nesium is precipitated as magnesium ammt)nium phos{)hatn from the filtrate. 

The oxalates of barium, calcium, and strontium arc ignitc'd to oxides, in which 
form they may bo rtjadily converted to <;hloride.s by dissolving in h\'<lrochloric 
acid, or tf> nitrate.s by nitric aciil. 

B. Sulphate Method. Applicable in ])reseiic(^ of comparatively large pro- 
portions of barium, strontium, or magnesium. Tbe solution containing the 
alkaline earths, magnesium aiul the alkalies is (‘vaporated to dryness and 
about .') cc. concentrated sulphuric acid added, followed by 50 cc. of 95% 
alcohol. 'J'he sulphates ‘ <)f barium, calcium, and strontium, are allowcul to 
settle, and tluai filtered onto an S. ami S. No. 5Sy ashless filter ])aper and washed 
with alcohol until free of inagn<5sium sulphate. In pnisence of large amounts 
of magnesium as in c:i.sc of analy.ses of 1<'p.som s:ilts and other magnesium .salts 
it will be necessary t«» extract the ])recipit:ite by adding a small amount of water, 
then sufficient 95% alcohol to make the solution contain fiOVr alcohol and 
filter from the residue. Alagnesium is determiiKMl in the filtrate. 

The 1 ‘csidue containing barium, calcium, and strontium as sulphate is 
fused with 10 parts of pota.ssium carbonate «)r sodium acid carbon.ate until the 
fusion becomes a <'lear molten ma.ss, a dcjcp platinum crucibki being us<!d for 
the fusion. A platinum wire is in.serfed and the ma-ss allow<al to solidify. The 
fusion may be removed by again heating until it begins to nu'lt around the 
surface mjxt to the crucible, when it may bo lifted out on the win?. 'Fhe mass 
is extracted with hot water and filtensl, NaaS ()4 going into tbe solution and 
the carbonates of barium, strontium, and calcium rc'tnaining insoluble, ^'ho 
carbonat<*s should diss<dv<i comi>let<‘ly in hydrochloric acid or nitric acid, other- 
wise the d(?composition has not been cmuplete, and a secoml fusion of this 
insoluble r<*si«lu(‘ will lx; nec<*.ssaiy. 

Separation of the Alkaline Earths from One Another. This s(‘paration 
may be effected by eith<*r of the following processes: 

1. Hariiim is s<‘parated in acetic? acicl solution as a chromate from strontium 
and csilcium; strontium is .separatcid as .a nitrate * from calcium in ether-alcohol 
or amyl alcohol. 

2. The three nitrates are treatcsl with ether-.alcohol in which barium and 
strontium nitrates are insoluble and calcium dissolves; the barium is now 
separated from strontium by ammonium c-hromatc'. 

Procedures. 1. (a) Separation of Barium from Strontium (and from 
Calcium). In presence (»f an excess of ammonium chromate, barium is jire- 
cipitated from solutions, slightly acid with acetic acid, as barium chromate 
(appreciably soluble in fi’cc aceti(? .acid), whereas strontium and calcium remain 
in solution. 

The mixed oxides or <’arbonates are dissolved in the least amount of dilute 
hydrochlrjric acid and the excess of acid expell(!d by evajwration to iu?ar diyne.ss. 
The tesidue is tjik(;n up in about 3(M) cc. of water and 5 0 drops of acetic acid 
(sp.gr. 1.065) together with sufficient ammonium acetate (30%, solution) to 
neutralize any free mineral acid prestint. Tbe solution is heated and an excess 
of ammonium chromate (10%, neutral sol.) * added (10 cc. usmdly sufficient). 

^Solubility of Ha»S04=0.17 milligram, CaS ()4 = 179 milligram, SrS 04 = 11.4 milli- 
grams WiK'? w . vvAA. 

* Mofhod of SfTOJiia>cr and I{o.so. II. Itosc, I’ogg. Ann., 1 10, 292, flSGO). 

»The aoliition is prepared by adding NfUOIl to a solution of (NH 4 )*Crii(l 7 until 
yellow. The solution should be left atiid rather than alkaline. 
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The i>rccij)ital« of barium chromate is allowed to settle for an hour and filtered 
off on a su'all filter and washed with water containing ammonium chromate 
until frtie of soluble strontium and calcium (test — addition of NH4OH and 
(NH4)2('Oa produces Jio cloudiness), and then with water until practically free of 
anunoiiium chromate (e.g., only slight red<lish browm color with silver nitrate 
solution). 

To separate any occluded ])recipitatc of strontium or cahuum the filter 
l)aper is pierc(*d ami the precipitate rinsed into a beaker with warm dilute nitric 
acid (sp.gr. 1.20) (2 cc. usually are sufficient.). The solution is dilutcid to about 
200 cc. and boiled. About o cc. of ammonium acetate, or enough to neutralize 
the free IIXOj, are added to the Ian, solution and then sufficient ammonium 
chromate to laaitralize the frcie acetic acid, 10 cc. usually sufficient. The Avashiiig, 
us above in(lic;it(*tl, is re[M*.Ml.(Hl. Barium is eompletely precipitated and may 
bt! detcrmine<l either as a (ihromate or a sulphat(5 or by a volumetric, pro- 
<‘e(lure. Strontium and calcium are in the filtrates and may be sei)arat(Hl as 
follows; 

(b) Separation of Strontium from Calcium. 1'he method depends upon 
the lnsoIul>ility of strontium nitrate and the solubility of calcium nitrate in 
a mixture of ether-alcohol, 1:1. 

Solubility of SrXOa — I part SrXOa in (i0,0tX) ])arts of the mixturt!. (.’;i 
easily soluble. 

If the solution is a filtr.ito from b.nrium, 1 cc. of nitric acid is added and 
the solution heat(‘<l and made aficaiine with ammonium hydroxide followed 
immediately with ammonimn carbonate, the carbonates of strontium (togetlier 
w'ith .some Sr(’r()i) and calcium will pivcipitale. The ])n*cipit.atc is di.s.solve;l 
in hydrochloric acid and reprecipitate<l from a hot solution with ainmoniuni 
hytlroxitlc an<l aminoniuin carbonate;. Tins pn*cipitalt', Srt'Oj and (’a('().i, 
is wusIumI once with hot wate>r ;ind is then dissolved in the hiast amount «*f 
nitric! acid, MJishc'd into a small casserole, evaporated to dryn(!.ss and luiaU;.! 
for an hour at I 10 to J(!()“ in jin oven, or at 110° (!. over night. The di^' 
mass is pulverized and mi.\ed witic 10 cc. of c!l h(*r-alcohol (absolute alcohol, one 
part, ethei-anhydrous, one p:irt). Several extractions are thus made, the e.vtracts 
lieing decantecl off into a flask. The re.siduc is again dricnl in an oven at 140 
U) ItlO" then pulverizc'd and Avashed into the fla.sk with the ether-alcohol 
mixture and digested for sevc'ral hours with freejuont shaking of the flask. The 
residue is washed onto a filter moistencMl w'it,h ethcT-alcohol mixture. Strontium 
nitrate, Sr(X( ).,)■:, remains insoluble, and may be dissolved in water and de- 
t<!rmined gravimetrically sis si sulphate, oxide, or carbonsite or volumetricsilly. 
C’silcium is in the filtrate sind msiy be determined gravunetrically as sin oxide 
or volumc'tricsilly. 

Insf c'sid of using si mixture of <*ther-silcohol, simyl silcohol msiy be used (hood), 
the mixture being kc'pt sit boiling tempiTOture to dehydrsite the silcohol to pre- 
vent solid ion of strontium (b.p. = l.’iO'’ (b). 

2. Separation of Barium and Strontium from Calcium A The procedure 
deixiiids uiMin the insolubility of barium nitrate, CBiiXOa)*, and strontium nitrate, 
Sr(X03)2, in a mixtunj of anhydrou.s ether and absolute alcohol or anhydrous 
amyl alcohol, whereas ('a(.XO.i)2 dissolves. 

The mixed oxides or carbonates are dissolved in nitric acid and taken to 
dryne.ss in a besiker or h>lenmcycr flsisk, and heated for an hour or more in an 
*See Fresenius, Z. anal. (3hcin., 2‘d, f 13-430 (1800). 
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oven at 140 to 160“ C. Upon cooling, the mixture is treated with ten times 
its weight of ether-alcohol mixture and digested, cold, in the covered beaker 
or corked flask for about two hours with frequent stirring. An e(]ual volume 
of ether is now added and the digestion continued for several hours longer. 
The residue is washed by decantation with ether and alcohol mixture until 
calcium is removed (test — no residue on platinum foil with drop of filtrate evap- 
orated to dryness). If calcium is present in amount above 0.5 gram, the residue 
is dissolved in a little water, again evaixirated and dried and then extracted 
with ether-alcohol as directed above. 

Calcium is in the filtrate and may be determined by precipitation as a sul- 
phate in the alcohol solution or as an oxide by evaporation of the ether-alcohol 
and precipitation as calcium oxalate, C’aCJi! 04 , according to dii'cctions given in 
the determination of calcium. 

Barium and stmntium may be sej>aratcd by precipitation of barium as a 
chromate, the nitrate residue being dis.solved in water and barium precipitated 
according to directions given under Procedure No. 1. 

Amyl alcohol may be used in place of ether-alcohol by digesting the nitrates 
in a boiling solution C.), calcium going into solution and barium and 

strontium remaining insoluble as nitrates. 


GRAVIMETRIC METHODS FOR THE DETERMINATION OF 

BARIUM 

For rciiusons given under “Preliminary Considerations,” it is advisable to 
take a S|)e<‘ial sample for the d<‘termination of l)arium that has not undergoiHJ 
treatment with hydrogen sul|)hide or ammonium hydroxide, since these may 
cause the loss of barium as stated. 

Preparation of the Sample. The following general schemes will meet 
practically all conditions: 

Barium in Insoluble Residue. In the complete analysis of ores the residue 
remaining insoluble in acids is composed largely of silica, together with difficultly’’ 
soluble substances, among w'hich is barium sulphate. This residue is best fused in a 
platinum dish with sodium carbonate or a mixture of sodium and {potassium car- 
l>onatcs (long fusion is not necessary). The cooled m.‘i.ss is digested with hot water 
to remove the sohible sodium comjwunds, silicate being included. Barium, to- 
gether with the heavy metals, remains in.sohible as carbonate and may be filtered 
off. The residue is now treated with dilute ammonia water to remove the 
adhering sulphates (testing the filtrate with hydrochloric; acid and barium chlo- 
ride solution; the washing being complete when no white precipitate of barium 
sulphate forins). The carbonates are w'aslicd off the filttsr into a 500-cc. beaker, 
the cUnging carbonate being diss(»lv«l by pouring a few cc. of dilute, 1 : 1, hydro- 
chloric acid on the pajxir placctl in the funnel. This extract is added to the pre- 
cipitate in the beaker and the latter covered to prevent loss by spattering. 
Additional hydrochloric acid is cautiously added so that the pre(;ipitatc com- 
pletely dissolvts and the solution contains about 10 cc. of free hydrochloric 
acid (sp.gr. 1.2). Barium is precipitated from this solution best as a sulphate 
according to directions given later. 

Silicates. One gram of the finely pulverized sample is treated with 10 
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cc. of dilute sulphuric acid, 1 : 4, and 5 cc. of strong hydrofluoric acid. The 
mixture, evaporated to small bulk on the steam bath, is taken to SO* fumes 
on the hot plate. Additional sulphuric acid and hydrofluoric acid are used if 
required. By this treatment the silica is expelled and barium, together with 
other insoluble sulphates, will remain upon the filter when the residue is treated 
with water and filtered. Lead sulphate, if present, may be removed by washing 
the residue with a solution of ammonium chloride. Barium sulphate may be 
purified by fusion with potassium carbonate as above directed or by dissolving 
in hot concentrated sulphuric acid, and precipitating again as BaSO* by dilution. 

Ores may be decomposed by eith of tlie above methods or a combination 
of the two. Sulphide ores rcquiie roasting to oxidize the sulphide to sulphate. 

Determination of Barium as a Chromate 

A preliminary spectroscopic test has indicated whether a separation from 
calcium and strontium is necessary. If these are present, barium is sejiarated 
along with strontium from calcium as the nitrate in presence of alcohol-ether 
mixture, according to directions given under “Separations.” Barium is now 
precipitated as the chromate, BaCrO*, from a neutral or slightly acetic atud 
solution, strontium remaining in .solution. 

Precipitation of Barium Chromate. If barium is present in the form 
of nitnite, together with strontium, the mixed nitrates are evaporated to dryness 
and then taken up W'ith water. About 10 cc. ammonium a<;etate (300 grams 
NH^CgllaO* neutralized with NH^Oll-l-H*!) to make up to J(XX) cc.) added 
and the .solution heated to boiling. Five cc. of 20% atmnonium bichromate 
arc added drop by drop with constant stirring and the precipitate allowed to 
settle until cohl. The solution is decanted off from the precipitate through 
a filter and wsished by decantation with dilute (()..')%) solution of ammonium 
acetate, until the ex<*es.s chromate is removed, as indicated by the filtrate pa.ssing 
through uncoloretl. If much strontium was originally pre.sent, a double pre- 
cipitation is ncc.cs.sary, otherwise the i>recipitato may be filtered directly into 
a (tooch crucible and ignited, the following paragraph tlirections being omitted. 

Purification from Strontium. The jirccipitatc is dissolved from the filter 
by running through dilute (1:5) warm nitric acid, poured upon the chromate, 
catching the solution in the beaker in which the precipitation was made; the 
least amount of acid necessary to accomplish this being used and the filter 
washed with a little warm water. Ammonium hydroxide is now added to the 
solution, cautiously, until a slight pennanent precipitate forms and then 10 cc. 
of luimionium acetate solution added with constant stirring and the mixture 
h(>ated to boiling. The precipitate is allowed to settle until the solution is cold 
and then filtered and washed by decantation as before, a Gooch cnicible being 
used to catch the precipitate. 

Ignition. '^Fhe precipitate is wtished once with dilute alcohol, 1 : 10, dried 
at 110° (\, and ignited, gently at first and then to a dull red heat until the 
color of the chromate is uniform. It is atlvisablc to cover the crucible at first 
and then after five minutes to remove the cover. 

BaCrO* X 0.605 1 =» BaO. BaCrO* X 0.5420 =» Ba. 

Notks. The use of sodium hydrate or acetate in place of the ammonium 
hydroxide and acetate is sometimes recommended, owing to the slight solubility of 
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BaCr04 in ammonium salts, as seen by the following table, approximate figures being 
given: 

100,000 parts of cold water dissolves 0.38 parts UaCr()4 

100,000 parts of hot water dissolves 4.35 ])urts BaCr04 

100,000 of 0.6% solution of NII^Cl dissolves 4.35 j)arts BaOr04 

100,000 of 0.5% solution of NH4N(>j dissolves 2.22 jnuts BaCK)4 

100,000 of 0.75% solution of N H4C2H3O2 dissolves 2.00 parts BaCi04 
1(K),0()0 of 1.6% solution of NII4C2H2O2 dissolves 4.12 parts Ba(M)4 
100,0(X) of 1% acetic! acid dissolves 20.73 jmrts BaCrt)4 

Although the solvcjnt action of ammonium salts is practically ncigligible under 
conditions of analj'sis given above*, the solvent action of free acetic acid is of imporfanci*, 
so that it is necessary to neutralize or eliminate free mineral aciids before addition 
of the acetate salt. 

The edge's of the BaCr04 jnecipitate iijion drying may appear green, owing to 
the ac!tion of alc’ohol; uiion ignition, however, the yc*IIow chroirate is obtained. The 
color orange yellow, when hot, fades to a light canary yc'llow ii|)on cooling. 

BaCr()4, moi.irl., 2.5,3.47; sp./r., 4.4PS'*°; 100 cc*. Il.>() sol. <*old will dissolve 
0.000,38**“ gram, hot dissolves 0.004,3 gram; soluble in IK’l, 7IN('.,, yc'lIow rhombic 
plates. 

Determination of Barium by Precipitation as Sulphate, BaS 04 

This method depends upon the insolubility of barium sulpl ate in water 
and in very dilute hyclroehlorie acu’d or sulpliurie acid, one gram of ll:e sail 
re(]uiring about 34 l,0()() cc. of hot water to cdToct .solution. 

Reaction^ HaCh+H^SOd = BaHO,-f-2Il( '1. 

BaS()4, niol.iri., 233,44; xp.gr., 4.47 and 4..33; ni.p., 1.5S0“ (nniarphouff devom- 
jMscs)' H-O c/i.N.w/rc.s' 0.t)00172"“ c/rc/wc f/W 0.(K)0.3”° /wvlOOcc. .3%', IH'ldixsoIrrs 
0.0030 gram. Sahdde in cone. 1I-,S()4. H7/c7c, rhomhic and nnnrrphauR fonnx. 

Procedure. Tlic .slightly liydrochloric acid .solution of barium cliloridc*, 
prepared acc'ording to dirc'cticms given, is lieated to boiling (volume about 200 
300 cc.) and a slight exc’ess of dilute hot .sulphuric acid added. The j)rc‘c*ipitate 
is settlc'd on tlie water bath and llie clear solution thc'ii decanted through a 
weighed CJooch crucible or through an ashlc'ss filtc*r ])aper (S. and S. 500 ciuality). 
The prc!ci})itate is transferrc*d to the (Jooch (or i)aper), and washed twice W'ith 
very dilute sulphuric acid scdutictn (0.5%, IIJSO4), and finally with liot water 
until free of acid. The pmcipitato is dried and ignited, at first g<*ntly and then 
over a good flame to a cherry red lieat, for half un l»)ur. The residue is weighed 
as barium sulphate, BaS()4. 


BaSO4X0.5SSl=Ba, or X 0.0.500 = Bat ), or X0.S4.5.5 -BaCOj. 

Notks. The determination of barium is the reciprocal of the determination of 
sulphur or 8vlt>huric acid, precautions and directions given for the sulphur pre- 
cipitation apply here also, with the exception that dilute suliihiiric acid is used as 
the precipitating rcsigcnt in place of hniium chloride. 

The author found that ]>rccipitation of barium sulphate in a Large volume of cold 
solution^containing 10 cc. of concentrated hydrochloric acid jicr 1000 cc. of solution, 
by adding a slight excess of cold dilute suiiihuric acid in a fine stream, exactly in 
the manner that barium chloride solution is added in the jirecipitation of suljdiur, 
and allowing the ])rccipitatc to settle, at loom tcmiioTatun!', for several hours (pref- 
erably over night), gives a jirecijiitate that is pure and dcK's not pass through tlie 
Gooch asbestos mat. W’e refer to the chapter on Sulphur for directions for filtering, 
washing, and ignition of the residue. 
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VOLUMETRIC METHODS FOR THE DETERMINATION OF 

BARIUM 

Titration of the Barium Salt with Dichromate 

I’Jiis metliod is of value for an approximation of the amount of barium 
present in a 8(>lution that may also contain calcium, strontium, and magnesium 
or the alkalies. It deptiials upon the reaction 

21ia(1 .+K.C;r 207 +II ,0 = 21 hiC’r 04 + 2 K( :H-2HC1. 

X/IO K 2 Cr 207 (precipitation purposes) contains 7.355 grams pure salt per 
liter. 

Procedure. l'h(‘ solution containing the barium is treated with ammonia 
until it just smells of it. (If an oxce.ss of ammonia is present tJic solution is made 
faintlj'’ acid with acetic acid.) It is then heated to about 70° C. and the 
standard diclimmate added, with stirring until all the barium is precipitated 
and ’.the clear suixirnatant solution is a faint yellow color from the slight 
excess of the reagent. l<’or accurate work it is ativisable to titrate the pre- 
<*ipi(atn formed by one of the methods given below. One cc. Ki!Cr 2()7 =0.00087 
gram Ba. (Note reaction given above.) 

Noto. An ex<Tss of potassium diehromate inav be a«ld«'d, tlio precipitate filtered 
olT, waslicd and the «‘xc(*ss diclironiate d»‘terininc<) a-s slated l)clow. 


Reduction of the Chromate with Ferrous Salt and Titration with 

Permanganate 

Ferrous sulphate reacts with barium chromat<! as follows: 

2 Ma( 'rOH ( 5 FeS(b+SlI,S() 4 = 3 Fe 2 (S() 4 ). 7 +( ■r 2 (SOi):,+ 2 MaS() 4 + 8 IIi(). 


.\n excess of ferrous .salt solution is added and the exc(*ss determined by 
titration with N/IO Jv.Mnt >4 solution. Fe = ;\Ha. 

Reagents. N/IO solution of KAln() 4 . N/10 ]'’eS ()4 (27.SI grams ])er liter) 
or FeS() 4 -(NIl 4 ) 2 S ()4 (30.220 grams per liter). One cc. =().(K)4579 Jia. 

Procedure. The w(!ll-washe<l j)recipitatc of barium chromate is dissolved 
in an excess of standard N/10 ferrous ammonium sulphate solution containing 
free sulphuric acid. The excess ferrous salt is titrated with standard N/IO 
potiussium ])ermangaTiate solution. 

(t’c. N/10 ferrous .solulam minus c<*. iwnnanganate titration) niultiplied by 
0.004570 gives grams barium in the solution. Iron factor to barium is 0.8187. 


Potassium Iodide Method 

The ]jrocedure <lepends upon the reactions: 

1. 2 BaC’r 04 +fiKH-ir)H(n =2BaC1.+2Cr('U+0KC3+8n2O+6l. 

2. 3l2+0Na.4S2( >3 =()NaI+3Na.4S40o. 

Procedure. 'I’lic precijiitate, Ba(’r() 4 , is dissolved in 50 to 100 cc. of 
dilute hydrochloric acid and about 2 grams of solid potassium iodkie salt added 
and allowed to react about ten minutes. The liberated iodine is now titrated 
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with N/10 thiosulphate. Near tiio end of the titration starch solution is added 
and followed by N/JO thiosulphate until the color disappears. 

One cc. N/IO NajS^Os =0.004579 gnun Ba. 

Titration of Barium Carbonate with Standard Acid 

To the well-washed barium carbonate, BaCOs, an excess N /lO H2S04 is added 
and the excess acid determined. 

One cc. N/10 acid =0.00687 gram Ba. 

ANALYSIS OF BARYTES AND WITHERITE 

Barytes or heavy spar is a variety of native barium sulphate, and witherite 
a native barium carbonate. These minerals are typical examples of barium- 
bearing ores. The analysis may involve the determination of barium and 
calcium sulphates or carbonates, magnesia, iron and aluminum oxides and 
moisture. Traces of lead, copper, and zinc may be present, as well as sidphide, 
sulphur and fluorine in fluorspar. The following is an approximate composition 
of a high-grade sample: 

BaS04=96%, CaCO, = 1.5%, MgCO,=0.3%, SiO,=0.5%, AUO,=0.6%, 

Fc*03 =0.2%, H*0 =0.5%. 

For completf^ analytds treat os directed under preparation of the sample. 

Procedure for Commercial Valuation of the Ore 

Barium Sulphate and Silica 

One gram of the finely pulverized .smnple is digested with about 50 cc. of 
concentratcHl hydrochloric aci<l and taken to drynesss on the stesim bath. Tlic 
residue is taken up with .50 cc. of water, 10 cc. of hydrochloric acid added, 
and the mixture heated on the steam bath for ten minutes, then heated to boil- 
ing and filtered. I'he residue of barium sulphate and sili(!a is washed well with 
hot water containing a litth? hydrochloric acid and finally with pure water. It 
is now ignited and weighed a.s BjiH04-|-8i02, or total insoluble matter. 

The residue in a )>i.‘itinum dish is now treated with a little hydrofluoric 
acid+sulphuric acid, and silica expelled us usual. The residue ignited =BaS04. 

Silica = difference between total in.soluble matter and BaS04. 

Barium Carbonate 

Barium, originally pre.sont as a carbonate, will be found in the filtrate together 
with iron, alumina, etc., and may be precipitated by addition of sulphuric acid. 
Barium sulphate is filtered off, washed, ignited, and weighed. BaSOtX 0.84555 
=BaCO,. 


Iron and Alumina Oxides 

These are determined in the filtrate from barium precipitation in the usual way. 
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Calcium and Magnesium 

Dotcrminod in the filtrate from iron and alumina by the regular procedures. 

Soluble Sulphates 

One gram of the powdeml sample Is boiled with 20 cc. cone. HCl and 200 
cc. water, the insoluble residue filtered off and washed. The filtrate contains 
the soluble sulphate. This may be precipitated by addition of BaCb stjlution 
according to the procedure for sulphur. BaSO4X0.5S33 ^CaSO^. BaSOiX 
0.2402 =CaO. 

If lime, CaO, thus calculated, is less than lime precipitated as oxalate, the 
difference is calculated to CaCOj if (^Oa is present, otherwise to CaO. 

Loss on Ignition 

Represents water free and combined, carbon dioxide and organic matter. 
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DETECTION 

Bismiitli is prccipitiitcd from its suiutiou, coiitsiininK froo afid, I)y lIjS pis, 
as ti brown sulphide, BbSa- 'Hie com))ound is insoluble in iimtnonium sulphide 
(separation from ai’senie, antimony, and tin), but dissolves in hot dilute nitric 
acid (separation from mercury). The nitrate, treated with sulphurie acid and 
taken to SO3 fumes, is conveiled to the sulphate and dissolves upon dilution 
with water (lead remains insoluble as PbSth). Bismuth is precipitated from 
this solution by addition of ammonium hydroxide, white Bi(()II)3 being formed 
(copper and cadmium dissolve). If this hydroxide is dissolved with hydro- 
chloric acid and then diluted with a large volume of water, the white, basic 
salt of bismuth oxychloride, BiOC^l, is precipitated. The comixmiid dissolves 
if sufficient hjTlrochloric acid is iiresent. It is insoluble in tartaric acid (dis- 
tinction from antimony). 

Reducing Agents. Formaldehyde in alkaline solution, hypophosphonms 
acid, potassium or sodium stannitc, reduce bismuth compounds to the metallic 
state. For example, a hot solution of sodium stannito poured onto the white 
precipitate of Bi(0H)a on the filter will give a black stain. The test is very 
delicate and enables the detection of small amounts of the compound. 

3K2Sn0,-|-2BiCU-l-6K0H=2Bi-|-3K2Sn03+f)KCH-3H,0. 


Blowpipe Test. A compound of bismuth heated on charcoal with a 
powdered mixture of carbon, potassium iodide and sulphur, will give a scarlet 
incrustation on the charcoal. 

ESTIMATION 

The determination of bismuth is reijuirod in complete analysis of ores of 
cobalt, nickel, copper, silver, lead, and tin, in which it is generally found 
in small quantities. In evaluation of bismuthite, bismuth ochre, etc. In the 
analysis of the minerals wolfram, molybdenite. It is dctisnniued in the residues 
from the refining of lead (the principal source of bismuth in the United 
States). In the analysis of alloys — antifriction metals, electric fuses, solders, 
stereotype metals, certain amalgams used for silvering mirrors (with or with- 
out lead or tin), and in bismuth compounds. 


^ Preparation and Solution of the Sample 

In dis.solving the substance, the following facts must be kept in mind: nitric 
acid is the best solvent of the metal. Although it is soluble in hot sulphuric 
acid, it is only very slightly soluble in the cold acid. The metal is practically 
insoluble in hydrochloric acid, but readily dis.solvcs in nitrohydrocldoric acid. 

^U. S. Bureau of Standards Cir. 35. 
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Tlic hydroxides, oxides, and most of the bismuth salts are readily soluble in 
hydrochloric, nitric, and suli)buric acids. 

Ores or Cinders. One s>’nni of the finely pulverized ore or cinder (or larger 
amounts where the l)isniuth conUiiit is very low) is tr(?ated in a 400-cc. beaker 
with 5 cc. of bromine solulion (Hr+KMrd-Il,()),i followed by the cautious 
addition of about lo cc. <if JIXO, (sp.gr. 1.42). When the violent action has 
c(”is('d, wliich is apt to occur in sulphide ores, the inixlure Ls taken to di^mcs.s 
on the steam bath, 10 cc. of sirong IlOl anti 20 cc. of conctMitrated H2SO4 and 
the covered sami>le htuitetl until SO;, fumes are freely evolved. The cooled solu- 
tion is tliluted with .'lO cc. of wafer and gently heated until only a white or 
light gray rtjsidue remains, ^’he solution is filtered and the re.sidue washed 
with dilute Jl2S()4 (1 : JO), to remove any adhering bismuth. Silica, the greater 
part of the lead (also JiaSOi) remain in the residue, whereas the bismuth, to- 
gether with iron, alumina, copiier, antimony, etc., are in the solution. Details 
of further treatment of thi! solution to effect a separation of bismuth are 
given under “Separations” and the ]irocedur(>s for determination of bismuth. 

Alloys, Bearing Metal, etc. One gram of the borings, placed in a small 
beak(*r, is dissolved by a<l<ling 20 cc. of ••o?ic('ntrafed JK'l and 5 cc. of strong 
JINO3. The alloy Avill usually <lissolve in the cold, unlc'ss considerabk! lead 
is present, in which ca-se prolonged heating on the st<!am bath may be nece.s- 
sary. (A yelh)W or greeiiish-vc*llow color at this stage indicates the jiresence of 
copper.) JiCad may now be removed cither as a sulphate by hiking to SO* fumes 
with H2SO4 or by precipitating as a chloride, in the pix^(s<uicc of alRihol, accord- 
ing to directions given under Separations. The bismuth is determined in the 
filtrate from lead according to one of the procedures given under the quanti- 
tative methods. 

Lead Bullion, Refined Lead.^ Ten to twenty-five grams of the lead, 
hammered or rolled out into thin sheets and cut into small pieces, are taken 
for analysis. The sample is dissolved by a mixture of 250 cc. of water and 
40 cc. of strong nitric acid, in a largo covemd beaker, by warming gently, pref- 
erably on the stoiim bath. When tlie lead has dissolved, the beaker is removed 
from the heat and dilute ammonia (1 : 2) added to the warm solution, very 
cautiously and finally <lrop by drop until the free acid is neutralized and the 
liquid remains faintly opalescent, but with no visible precipitate. Now 1 cc. 
of dilute HOI (1 : 3) is added, 'rhe solution will clear for an instant and then 
a ciystalline precipitate of bismuth oxychloride will form, if any considerable 
amount of bismuth is present. The beaker is now placed on the steam bath 
for an hour, during which time the bismuth oxychloride will separate out, 
together with a small amount of lead and with antimony if present in appre- 
ciable amounts. The further isolation and purification of bismuth is given 
under “Separations.” In brief — ^tintimony is removed by dis.solving the pre- 
cipitsite in a small amount of hot dilute IlCl (1 : 3), precipitating bismuth, 
traces of lead, and the antimony by II^S, dissolving out the antimony sulphide 
with wami ammonium sulphide, dissolving the BbSj and PbS in HNO* and 
reprecipitation of the bismuth acconling to the procedure given above. Bis- 
muth is now determined as the oxychloride. Further details of this method 
are givjui under the gravimetric procedures for bismuth. 

* Bromine solution is made by dissolving in water 75 grams of KBr, to which are 
added 50 grams «>f liqiiicl bromine and the mixture diluietl to 500 cc. with water. 

* Bismuth in Bcfined licad. “Technical Methods of Ore Analysis.” A. H. Low. 
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SEPARATIONS 

The fdUomng procedures are given in the order that would he followed in the 
complete analysis of an ore, in which all the constituents are sought. This general 
scheme, htrwerer, is not required for the majority of bismuth-bearing samples com- 
monly met with in the co/mmercial laboratory, direct j)recipitations of bismuth fre- 
quently being possible. 

Separation of Bismuth from Members of Subsequent Groups, Fe, Cr, 
Al, Mn, Co, Ni, Zn, Mg, the Alkaline Earths and Alkalies, together with 
Rare Elmnents of these Groups. The solution should contain 5 to 7 cc. of 
concentrated hydrochloric acid (sp.gr. 1.19) for ev^ery 1(X) cc. of the sample. 
I’he elements of the hydrogen sulphide group are precipitated by saturating 
the solution with liaS (Hg, Pb, Hi, Cu, C«l, As, Sb, Sn, Mo, Se, Te, Au, Pt). 
The ntembers of subsequent groups remain in solution and pu.ss into the filtrate. 

Separation of Bismuth from Arsenic, Antimony, Tin, Molybdenum, 
Tellurium, Selenium. In presence of mercury, the soluble members of the 
hydrogen sulphide group are separated from the insoluble sulphides by digest- 
ing the precipitate above obtained with ammonium sulphide; in absence of 
mercury, however, which is generally the ca.se, digestion of the sulphifles with 
sodium hydroxide and sodium sulphide solution is preferred, the genenil i)ro- 
cedure being followed. Mercury, lead, bismuth, copper, and cadmium remain 
in the residue, whereas the other members of the group dissolve. 

Separation of Bismuth from Mercury. The insoluble sulphides, remain- 
ing from the above treatment with anunonium sulphide after being washed 
free of the soluble members of this group, are placed in a porcelain dish and 
boiled with dilute nitric acid (sp.gr. 1.2 to l..'i). The solution thus obtained 
is filtered, upon dilution, from the insoluble sulphide of mercury. A little 
of the lead may remain as PbSO^, the solution may contain letul, bismuth, copper, 
luid cadmium. 

Separation of Bismuth from Lead. This is the most important pro- 
cedure in the determination of bismuth as the separation is almost invariably 
noce.ssary, as these elements commonly occur together. Bismuth produced 
in the United States in 1912 was obtaincKl entirely from the residues in the re- 
fining of lead. '■ 

There are two getieral procedures for the separation of lead and bismuth. 

A. Precipitation of lead either as lead sulphate or .as lead chloride, the 
bismuth remaining in solution under the conditions of the precipitation. 

B. Precipitation of bismuth as the oxychloride or subnitrate, lead remaining 
in solution. 

Precipitating Lead as PbS 04 . This procedure is generally used in the 
process of a complete analysis of an ore containing lead and bismuth. The nitric 
acid solution of the sulphides, obtained upon removal of the soluble group and 
mercuiy by boiling the insoluble sulphides with dilute nitric acid, is treated 
with about 10 cc. of strong sulphuric acid, and taken to SO« fumes by heating. 
The cooled sulphate solution is diluted with water and the insoluble lead sul- 
phate filtered off and washed with dilute sulphuric acid solution (1 : 20). 
Bismuth passes into solution, together with copper and cadmimn, if also present 
in the original sample. 


*■ Mineral Industry, 1912, p. 98. 
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Precipitation of Lead as PbCL. This separation is used in the complete 
Analysis of pig lead, the details of the separation l)eing given under this 
subject. 

As the sef)aratioii of bismuth from load by precipitation of the former 
-element as the oxychloride or sulmitrate is incorjjorated in the quantitative 
methods following, it will not be taken up here. 

Separation of Bismuth from Copper and Cadmium. This sepamtion is 
accomplished by iireei[)itating bismuth as the oxychloride with hydrochloric acid, 
or as the carbonate by adding an exc<‘ss of ammotuiim carbonate to the solu- 
tion nearly neutralized by ammonia, or as the hydroxide by adding an excess 
of ammonia. I)(*tails of these procedures aiv given under the gravimetric methods 
for determining bismuth. 


GRAVIMETRIC METHODS FOR THE DETERMINATION OF 

BISMUTH 

Determining Bismuth by Precipitation and Weighing as the 

Basic Chloride, BiOCI 

The dfiterniination depends uiion the formation of the in.solublc oxychloride, 
BiOt'l, when a hydrochloric .acid solution <»f bi-smuth is .sufficiently diluted 
with water, the following reaction taking place, liiCJli-l-llsO -=Hi()(M-|-2IICI. 

The i»roce<lure is recommended for the determinal ion of bismuth in refined 
lead, Iwaring im^tal, and bismuth alloys. C’ojiper, cadmium, and lead do not 
interfere; appreciabk; amounts of antimony and tin, however, .should bo re- 
movefl by llaS precipitation and sub.sequent treatment with Naa.S, and the resid- 
ual sulpliides dissolved in hot dilute nitric acid, according to directions given 
under “Separations.” 

Propcrtieii of Bi()(M. ^fol.wt., 2.59.-K); .sp.grr., 7.717’®°; m.p., red heat; insol. 
in 11-/) and in lljC^IIiOa, soluble in acids. Appearance is lohite, quadratic crys- 
talline form. 

Procedure. The solution of bismuth, freed from appreciable amounts of 
tin and antimony, is warmed gently and treated with sufficient ammonia to 
neutralize the greater part of the free acid. At this stage a precipitate is formed 
by the addition, which dls, solves with difficulty; the la.st portion of the dilute 
ammonia (1 : 2) is added drop by drop, the solution is diluted to about 300 
cc., and the remainder of the free acid neutralized with dilute ammonia added 
cautiously until a faint opalescence appears, but not enough to form an appre- 
ciable precipitate. One to 3 cc. of dilute hydrochloric acid (1 part HCl 
sp.gr. 1.19 to 3 parts H 2 O) arc now added, the mixture stirred and the bismuth 
oxychloride allowed to settle for an hour or so on the steam bath, then filtered 
hot by decanting off the clear solution through a weighed Gooch crucible. The 
precipitate is washed by decantation twice with hot water and finally washed 
into the Gooch, then dried at 100° C. and weighed as BiOCl. 

BiOClXO.8017 «Bi. 

Note. Three cc. of dilute hydrochloric acid (or 1 cc. cone. HCl, 8p.gr. 1.19) 
are sufficient to completely precipitate 1 gram of bismuth from solution. 
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Determination of Bismuth as the Oxide, Bi 203 

l^eliminary Considerations. The dotcniiiiiation of bismuth as the oxide 
requires the ahscnec of hydrochloric acid or sulphuric acid from the solution 
of the element, since either of these acdds invariably contaminates the final 
product. In i)rcscnco of these acids, which is freriiicntly the case, dctcnnination 
of bismuth by precipitation as lliaSa or by reduction to the metal and so weighing 
is generally recommended; a brief outline of the methods is given later; 
a solution of bismuth free frfun hydrochloric acid and practically free of sul- 
phuric acitl nuiy be obtained by prefupitating BijSj, together with CuS, C,\1S, 
and PbS, the amount of sulphuric acid formed by the reaction being negligible. 
Bismuth should be in a nitric acid solution, free from antimony and tin. 

Two general conditions will bo considered: I. Solutions containing lead. 
Copper and cadmium may also be j>resent. 2 . Solutions fre<! from lead. Copi)er 
and cadmium may be present. 

1. Separation from Lead, Copper, and Cadmium, by Precipitation as 
Basic Nitrate. ‘ Either the sul])liuric or hj'drochloric. acitl met hods nuiy be employed 
for effecting the separation of lead by precipitation. Inirthermore advantage may 
be taken of the fact that bismuth nitrate is chaiig<*d by the action of water into an 
insoluble basic salt, while lead, copper and cadmium tlo not undergo such a ti'ans- 
formation. 

Procedure. The bismuth nitrate solution is evaj>orated to syrupy con- 
sistency an<l hot water added with constant stirring with a glass rod. TIhj 
solution is again evaporate<l to drj'ness, and the hot-watcr treatment ropeate*!. 
Four such evaporations are generally suflicient to convert the bismuth nitrate 
completely into the basic salt; when this stage is reached the addition of water 
will fail to produce a turbidity. The solution is finally evaporated to dryness 
and, when free from nitric acid, is extracted with cold ammonium nitrate solu- 
tion (I.NH 4 NO 3 : 500 HaO) to dissolve out the load and other impurities. After 
allowing to stand .some time with frequent stirring, the .solution is filtered and 
tlie residue washed with ammonium nitrate solution, the.n dried. 

Ignition to Bismuth Oxide. As much of the precipitate as possible is 
transferred to a weigli«<J porcelain crucible, the filter is l)urned and the ash 
added to the main precipitate. q'hiB is now gently ignited over a Bunsen 
burner. 1 00 high heating will cause the oxide to fu.se and attack the glaze 
of the crucible. 

Properties. Bi(OH),:ST), viol.wt., 304.03; sp.gr., - 1 . 9281 “°; decomp., 260°; 
insol. in 11,0; sol. in acid.s; hexagonal plates. 

BhOi=mol. vt., 464.0; sp.gr., 8 .S to 0.0; m.p., 820 to 860°; insoluble in cold 
water and in alkalies, but soluble in acld.'<; yellmo tetragonal crystals. 

BnO, X 0.896.5 =Bi. 

2. Precipitation of Bismuth as the Subcarbonate or Hydroxide, Lead 
being Absent. lOither of those procedures effects a st'paration of bi.smuth from 
copper and cadmium. 

A. Procedure. Precipitation of the Subcarbonate. The solution is 
diluted to about .3(K) cc. and dilute ammonia added cautiously until a faint 
turbidity is obtained and then an excess of ammonium carbonate. The solution 

1 J. Lowe, Jour. prak. Chcni., (1), 74, 344, 18.58. 
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is licatcd to boiliiif;, the precipitate filtered off, Avashed with hot water, dried 
and ignited according to directions given in the bismuth subnitrate method. 
The residue is weighed as Bi 203 . 

B. Procedure. Isolation of Bismuth by Precipitation as the Hydroxide. ^ 

The solution is taken to dryness and the residue treated Avith 5 cc. of nitric 
acid (1 : 4) and 2o cc. of AA’utcr ad<led. The resulting solution is poured, with 
constant stirring, into 2.’) cc. of concentrated ainmonui and 50 (!c. of 4% 
hydrogen jKU’oxide. Upon settling of the bismuth hydroxide, the clear solution 
is filtered off and the residue is tnKited Avith more ammonia an<l peroxide. It 
^is then filter'd onto a filter pape-r, AA'ashe<l AA'ith lK)t, dilute ammonium hydroxide, 
(1 : S), folloAV'ed by hot water anti Avashed free of any adhering cop]>er or cad- 
mium (no residue Avhen a drop is evai)orated on platinum foil). Rtvsolution 
in hot dilute nitric acid and reprccipitat ion may sometimes be necesssiry to 
obtain the pure product. The hytlroxide may be dritsd, ignited and weighed 
as Bi-iOa according to directions already giv'cn on page (iG. 

Properties. BiiOj't'Oa-lIjO. viol.iH., .52i».()2; «/>.(/>'., G.<SG; decomp, hy heat; 
insiitulde in tenter, soluble in acids, iiisalidde in NaatXlj; ichite precipitate. 

Bi(()n) 3 , mol. let., 2r)t).()2; loses IJ 114) at 150"; insol. in cold water and in 
alkalies; soluble in acids; white precipitate. 

Determination of Bismuth as the Sulphide, Bi^Ss 

The proticdurti is ai)plicabl<; to the determination of bismuth in a hydro- 
chloric or sulphuritj acid solution, freed from t)thcr mtanbers of this group. 

Procedure. Bismuth sulphide 
is precipitated by passing IliS info 
the slightly acid solution, preferably 
under pressure. When the jirccipi- 
tafion is complete, the bismuth sul- 
phide, BijSs, is filtered off info a 
Avcighed Clooch crucible, the i)recipi- 
tate W'ashed with lUS Avater, then 
Avith alcohol to remoA’c the AA'ater, 
followed by carbon disulphide to 
dissolve out the precipitated sul- 
})hur, then alcohol to remo\'(> the 
disulphide, and finally Avith ether. 

After dr 3 '^ing for fifteen to tAventy 
minutes, the residue is AV(;ighed as 
Bi^Ss. This Aveight multiplied by 
0.8122 =Bi. 

Note. The carbon di.sulphidc used should be fre.«jhly distilled. This may be 
accx>Tnplishe<l by placing the carbon disinphulc in a small nask (A , Fig. 7) connected 
l)y means of a glass tube (C) to a second flask (/?), cork stoppers being used. The 
vessels are immersed in beakers of Avater, the container with the reagent being placed 
in liot Ava(<*r (60-80“ ('.) and the empty fliisk in coltl water. The reagent quickly dis- 
tills into the empty flask in ]>ure form. 

Properties of Bismuth Sulphide. Bi^Sa, mol.tet., 512.21; sp.gr., ^ 7-7.81; 
decomposed by heat, =().0000I8g. per 100 cc. cold 11*0; soluble in nitric 

acid; brown rhombic crystals. 

* P. Jannasch, Zeit. anoi^. Chem., 8, 302, 1895. 
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Determination of Bismuth as the Metal 

Reduction with Potassium Cyanide.* IJisiuuth ^jroc'ipitjitod as llio car-* 
bonate and ignited to tlio oxide a<Tording to tlie procedure given, is fused in 
a weighed porcelain crucible with 5 tim<‘s its weight of potassium cyaiiulc o^'cr 
a low flame. The cooled melt is extrac-ted with water, jiouring tiie extracts 
through a filter that has been dried and Aveighed with the crucible. Bismuth 
is left undissolved as metallic bismuth. After Avasliing with water, alcohol, 
and ether, the filter, with the metal and loosene«l j)ieces of porcelain glasie, is 
dried at 100® C. together Avith the crucible, 'riiese an? then AA’eighed ami the 
increased w'eight taken as the amount of bismuth present in tlie samide. 

Electrolytic Deposition of Bismuth 

With samidtis containing less than 0.03 gram bismuth, th<; metal may be 
satisfactorily deimsited by eIectrol 3 ’sis of its sulphuric a<'id solutioti, lead haA'ing 
been remoA'ed previously’’ bj' sulphuric acid by the standaril procedure. 'I'he 
solution contains about 0 cc. of strong sulphuric aeiil p«*r 100 cc. 'I’liis is 
electroly'zed with a curnait of 0.0 to 0.7 a^nper(^ amt about 2.7 to 3 A’olts 
Further details of this method may' b(! found in “ Technical ^Methods of Ore 
Analy'sis," by' A. II. Low, page 54, VII Kdition. J«)hn W ilcw it Sons. 

VOLUMETRIC DETERMINATION OF BISMUTH 

Determination of Bismuth by Precipitation as Oxalate and 
Titration by Potassium Permanganate * 

Normal bismuth o.xalate, jiroduced by' addition of o.xalic, acid to a nitric 
acid solution of the clement, boikal Avith successi\ e portions of Avater, is trans- 
fonned to the basic oxalate. This may be titrated Avith potassium i)erman- 
ganatc in presence of sulphuric acid. 

Procedure. Preparation of the Sample. One gram t>f the finely' grountl 
sample is treatcil with 5 to 10 cc. of concentrated nitric acid and digested on 
the steam bath and finally evat)orated to dry'iiess, the residue is taken up Avith 
5 cc. of nitric aciil (sp.gr. 1.42) +25 cc. of Avatijr, and diluted to 100 cc. 

Precipitation of the Oxalate. About 5 grams of ammonium oxalate or 
oxalic acid are added and the li<iuid boiled for about fiA’o minutes, the pre- 
cipitate alloAvcd to settle and the suiiernatant solution filtered off. The 
precipitate is boiled twice Avith 50-cc. portions of Avaler and the Avashings poured 
through the same filter. If the filtrate still pas.ses through ai*id, the washing 
is continued until the acid is removed and the Avashing ])assing through the 
filter is neutral. 'I'lie bulk of the basic, oxalsite precipitate is ]>laced in a beaker 
and that remaining on the filter pa])<‘r is dissolved by adding 2 to 5 cc. of hydro- 
chloric acid, 1:1, the solution being added to the bulk of the ]>recipitate. 

* Method by H. Hose, I’ogg. Ann., 110, ji. 42.'». 

Vanino and 4’reubert (Her., SlI (ISllS), i;t()3), reduce bisiuut.li by tnlding formal- 
dehyde to its slightly acid solution and then making stiongly alkaline with 10% 
Nat )H solution and warming. N.H. Treadwell and Hall, Anal. fUieni., ji. lS!,3dFd. 

*The method is rajiid and is sufficiently accurate lor commercial Avork. Warwick 
and Kyle (C. N., 76, 3). 

Muh' and Robbs^ J. C. 3,, 41, 1. 
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This is now Avonncd iinlil it roos in(f> solution ninl tho luiiiid is <]iIuU;d to 2n0 
<•(*. wi(,h hot water. Dilute aniinonia is now a«lded until tho free acid is 
neutralized; the resultiuR precijiitate is taken up with dilute sulphuric acid, 1 : 4, 
added in sliRht excess. 'I’he resuKiiiR solution, wanned to 70°, is titrated with 
standard ])otassium jMM’inanganaU*. 

One cc. KMn 04 X/IO— 0.0104 gram Hi. 

Notk. T,ead, eop]>or, arsenic, iron, zinc, ami tellurium do not interfere. Hy- 
drochloric acid should nc)t ho ii.scal (o dis.soive the sunipln, :us it intci fetes with the 
o.\alate precipitsit ion. 

Cinchonine Potassium Iodide, Colorimetric Method ^ 

This method is applicable for the dettn’inination of small anumnis of bis- 
muth, O.OOOtKl to O.OOOlo gram, in ttres and alloys. The proctnluro depends 
U])on the fact that bismuth nilnite produces a crimson or orange color when its 
solution is adtled to a solution of cinchonine )K)ta.ssium iodide, the intensity 
of the color depending upon the amount of bismuth in the resulting product. 

Special Reagents. Cinchonine Potassium Iodide Solution. 'r(ni grams of 
cin<-lK>ninc arc dissolved by treating with the least anumnt of nitric acid that 
is necessary to form a viscous mass and taking up with about 100 cc. of water. 
The acid is adihal a <lrop at a time, as an e\ce.ss must be avoided. Twenty 
grams of ])otassium iodhh; are dissolvc'd separab'ly and cinchonine sohiticm added. 
The resulting mixture is diluted with water to 1000 cc. After allowing the 
reagent to stand forty-eight hours, any ])rc‘ci))it!ite foritu'd is liitt'red off and 
the clear product is rejidy for u.s(*. Tho r<!;ig(‘nt ])res(*rv('d in a glass-, stoppered 
bottle keejw indefinitely. It should be filtered free of suspended matter before use. 

Standard Bismuth Solution. One gram of nu‘t:illi(‘ bismuth is dissolved 
in the lea.st amount of dilute nitric acid (I : 1) tlnit is necessary to keep it in 
solution and dilute<l to 1000 cc., in a gra<luated flask. One hundred cc. of this 
solution is diluted to 10(M) cc. One cc. of this diluted solution contains O.tMlOl 
gram bi.sinuth. 

Procedure. Isolation of Bismuth. 'I’Ih! .solution is freed from lead by 
HsS 04 , and from arsenic, antimony, and tin by precipitation of the sulphides 
and extraction with Na^S solution. 'Phe residual sulphides are dissolvn<l in hot 
dilute nitric acid, according to the standard methods of j)roccdure. Tho free 
nitrie acid is nearly neutralized by the cautious addition of dilute ammonia, 
the last portion being added drop by dro]j, until a faint eloudine.ss is evident, 
and then 10 to 15 cc. of 10% ammonium carbonate aie added with constant 
stirring. TIk; mixture is digested for almut three lioum on the steam hath, 
the clear solution decanted through .a small filbir, the residue washed by do^^ 
cantation once f)r twice w'ith hot water containing ammonium carbonate and 
then (HI th(; filt(T twice; with i)ur<! hot W!it(‘r. 

Colorimetric Comparison 

The residue of bismuth b.asie* carbonate is dissolved in the least amount of- 
dilute nitric acid necessary to elTect solution and tlu; filter wa.shed free of bis- 
muth with a little water containing a few drops of nitric acid. The Sfdution 
is made up to a definite volume, .50 cc. or 100 cc. according to the bulk of 

^ Method of VT. C. Ferguson. 
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precipitate dissolved. Two snuill beakers jdaced side by side may l)e used 
for the color comparison, a shotit of wliilxj paper or tile being i)lacod under the 
beakers. Two 50-cc. Nessicr tubes, however, are ])i'(!ferred. Three cc. of cin- 
chonine solution are addcsl to each <*onlainer. h’roin a burette the l)ismuth 
nitrate sample is run into one of these containers in just sufficient t|uantity to 
color the reagent a crimson or oninge tint, 'rhe exact volume retiuircd to do 
tliis is noted and the eiiuivah'iit :imoiint of sample used calculated. (If no 
color is produced bismuth is absent.) The reagent in the adjacent beaker or 
Nesslor tube Ls diluted to to 7 cc., and into this is run, from a burette, the 
standard bismuth nitrabi solution until the color exactly mab'hes the sample. 
From the cc. of the standard rccpiired the amount of l)ismuth in the sample 
can readily be calculateil. 

Reaction. 3KI+Ci,Il22N/)Kr-l-Jii(XO.,)» -■U.,H22N2C)KIHiT3+3KN03. 

Precautions. The scnsitivenes.s of the method is lost if tlie depth of color is too 
great. It is necessary, then, to add (he sample to the cinclionine reagent in such 
quantity only as will j)rofluce a light, crimsoit or orange coh)r. 

Solutions in the comparison tubes or beakeis must not be overdiluted, since the 
bismuth salt formed by the reaction of (he cinchonine reag<*nt is .soluble in water 
with the disappearance of color in too dilute solutions. 

(’omparison must Ix^ expc'dit iously nuule, as a im'cipitate is apt to form njam 
standing, and i(Klino will .sometimes separate. 

The Older of addition must bo ob.sm^’^i'd; c.g., the bismuth solution is .added to 
the cinchonine reagent, never the leverse. 


Colorimetric Determination of Bismuth. Bismuth Iodide 

Method ' 


Bismuth iodide gives an intense yellow, orange, or rod color to its solu' 
tion. The color is not destroyinl by SO., as is that of free iodine. The intensity 
of the color varies as follows: 


1 part of bismuth in 10,(X)() parts of water produces an orange-colored .soIut;ion. 

1 part of bismuth in 40,0(M) ])arts of water produces a light orange color. 

1 part of bismuth in 1(M),(K)() parts of water produces a faint yellow color. 

Reagents. Standard ttismulh Solution. One gram of bismuth is dissolved 
in 3 cc. of strong nitric acid and with 2.S ci-. of w’ati'r and made up to 100 cc. 
W'ith glycerine. Olycerine is added to keep the Hi I., in solution. Glycerine 
is not nece.ssary for amounts of bismuth below 0.0()7o gram per cc. 

Potassium Iodide Solution, five grams of jiotassium iodide dissolved in 
5 cc. of water is diluted to 100 cc. witli glycerine. 

Procedure. The samjile is dis-olved with ju.st sufficient nitric acid and 
water necessary to cause solution, 10 ce. of glycerine and 10 cc. of potassium iodide 
solution adde<l ami the .sample diluted to .")() cc. (’ompari.son is now made with 
10 cc. of the standard bismuth solution to w'hich has ])een added 10 cc. of 
potassium iodid(^ and 30 cc. of water. It, is advisable to have the standard 
stronger in bismuth than the ,sam])le and to draw out the standard from the 
comparison cylinder until the two colors match. 

^T. C. Thresh, Pharm. .Jour., 641, 1880. 
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amorp, sp.gr, 2.45; m.p. b.p.aubUmes. 

cryst. sp.gr. 2.5.1; m.p. 2.100°; h.p. .2500° C; oxide, BgOi 


DETECTION 

Flame Test. Boric iicid is displaced from its salts by nearly all acids, 
including even carbonic a<‘id. Tpoii ignition, however, it in turn tlrives out 
oilier acids whicli are volalile at lower ti'inperatun's. A powdered borate, 
])rcviously calcined, is moistened with sulphuric acid and a portion placed on 
the loop of a iilalinum wire is lieated to expel the sulphuric acid,* then moistened 
witli glycerine and jilaci’d in tlu; colorless flame; a green color will bo imparted 
to the flame. Copiier salts should be removed with IbS and barium as HaHOi if 
present, as these also color tlu* flame green. 

The flame test may be <-onvenicnfly made by treating the powdered sample 
ill a test-tube with suliihuric acid and alcohol (preferably methyl alcohol). A 
cork carrying a glass tube is inserted and the test-tube gently warmed. The 
escaping gas will burn with a green flame. 

The test may be made by igniting the mixture of powder, alcohol, and sul- 
phuric acid in an opi'ii porcelain dish. The green color will be seen in presence 
of a borate. The test is not as delicate as the one with the test-tube. 

Borax Bead. NadbOT- IDlIaO fused in a platinum loop, swells to several 
times its original volume as the water of crystallization is being driven out, 
then contracts to a clear molten b(?ad. If the bead is dipped into a weak solution 
of cobalt and plunged into the flame, until it again becomes molten, the bead 
upon cooling will be colored blue. 

Turmeric Test. A few drops of ac<itic acid are added together with 2 
or 3 drops of an alcoholic- turmeric solution to an alcoholic extract of the 
sample, placed in a porcelain dish. The stilution is diluted with water and then 
evaporated to dryness on the water bath. 1/1 (KK) milligram of boric acid will 
produce a distinct color, 2/100 milligr.am will give a strong reddish-brown 
colored residue, which becomes bluish-black wlum treab^d wit h a drop of sodium 
hydroxide solution. 

ESTIMATION 

The determination of boron is re(|uired in the valuation of borax, 
NajH407 -101120; boracite, 4MgB4()72Mg()MgCl2; borocalcite, CaB407-6H20; 
hydroboracite; boronatrocalcitc, etc., the element being reported generally as 
the oxide, B20a. The determination is required for obtaining the tnie value of 
commercial boric acid, in the analj'sis of fluxes and certain pigments. It is 
detennined as a food-preservative in milk, meat, canned goods, etc. The ele- 
ment is (hitennined in certain alloys of nickel, cobalt, zinc, chromium, tungsten, 
molybdenum and in the analysis of steel. 

* Silicates should be mixed with pot a.ssiuin fluoride and potassium acid sulphate, 
KHSO4, then held in the flame. 
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Preparation and Solution of the Sample 

It will be recalled that crystalline bonin is scarcely attacked by acids or 
alkaline solutions; the utuur|)hoiis form, however, is soluble in concentrated 
nitric and sulphuric acids, lioth forms fuscil with potassiuru hydroxide are 
converted to potassium metaboratci. Boric uci<l is more I’oadily soluble in pure 
water than in hydrochloric, nitric, sulphuric, or acetic aends, but still more soluble 
in tartaric acid (Her/, Chem. Zentr., 11)03, 1, 312). It is soluble in alcohol and 
volatile oils. Borax is insoluble in alcohol. With acids it becomes transposed 
to boric acid and the sodium salt <if the acid. 

Boric Oxide in Silicates, Enamel, etc. About O.o gram of the finely ground 
materiiil is fused with five times its weight of sodium carbonate, the melt extracted 
with w'ater and the extracts, containing the sotlium salt of boric acid, evap- 
orated to small volume, ^'he greater inirt of the excess sodium carbon.ate 
is neutralized with hydrochloric acid and finally made acid with acetic acid 
(litmus paper test = red). Boric oxide is now dtitermined by the distillation 
process according to the procedure given later in the chapter. 

Boronatrocalcite, Borocalcite, Boracite, Calcium Borate. Ten grams of 
the powdered material is placed in a flask with a reflux cotulensfsr and about SO 
cc. of normal hydrochloric acid added and the mixture boiled for half an hour. 
The contents of the flask, together with the washings, including those of the 
reflux condenser ((’Oa-frec water being used), are filtered into a 50()-cc. flask 
and made to volume with C() 2 -freo water. Fifty cc. of this solution is titrated 
with half-nonnal sodium hydroxide, using paraiiitrophenol indicator. When 
a yellow color appears the hydrochloric acid has beem neutralized. A second 
60-cc. portion is now taken for Jinalysis and the free hydrochloric acid neutral- 
ized with sodium hydroxide, using the amount of caustic rc(iuircd in the trial 
analysis (this time without an indicator). Boric .acid is now determined by titra- 
tion according to tlu' i)r<ice<lurc on j). 7(». 

Borax, Boric Acid. 'r<>n grams of the material arc <lissolved in about 
300 cc. of wafer (frc(i from COj) and made to .500 cc. in a graduafed flask, wifh 
pure wat<T. One hundn*d-<‘c. portimis are 1ak(*n f«)r analysis and (la; .solution 
titrated, in preseina* of mannitol or glycenil, according to (lirections given under 
the v<dumetric |>ro(a!dures. 

Boric Acid in Mineral Water. W.ater containing nuire than 0.1 gram 
boric acid per liter, about 200 cc. are evap<jnit(!d to small volume, the i)recipitated 
salts are filtered off and waslual. Boric acid passes into the filtrate and may be 
determined by the distillation method of (Sooch given on p. 71. 

With water containing trace's of boriee acid,* o litc'rs or more are evajKirated to 
about one-tenth the original volume the precipitate filtered off and washed wifh 
hot water. Ihe filtrate i.s <*vajx)rate*<l elown to a moist re.'^idue. If the residue is 
small, it is acidilied with acetic acid and the boric acid determiiu'd by distillation, 
as stated on p. 71. If consielerable residue is ]jre.senl, hydrochloric acid is addeel 
to acid reaction, .ind then the mixtun* digeste'd with absolute alcohol in a corked 
flask for ten to lilte<*n lamrs, with occasional shaking. The solution is filtereel, the 
‘Itesidue wa.shed with 5)")% alcohol, the liltrate diluted with wati'r, 10 cc. of 10% 
sodium hydro.xide solution added and the alcohol distilled off. A second alcoholic 

* llefercnce is made to 'I'readwell aiul Hall, .\nal. Chem., 4th ed., p. 431-432 for those 
desiring more e.\plicit details of this method. 
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oxtniftion is fjiriu'mlly rccoiniiuMKUul. Tljc final alkaline solution is taken to 
dryness and gently ignited. 'I’he i^'sidue is extracted with water, made acid with 
acetic acid and IJ.Oi determined by distillation. 

Carbonates. The material is treated with sufficient acid (M. O. indicator) 
to liberate all the ('Oj and react witl» the combined alkali of boric and carbonic 
acid; it is boiletl in a flask witli ndlux condenser to expel CO*, ten to fifteen 
minutes, the solution e.xacf ly neutralized with sodium hydroxide, (M. 0.),and the 
liberated l)oric acitl titrat('d in presence of glycerol and phenolphthalcin as usual. 

Boric Acid in Milk, Butter, Meat and Other Foods 

Milk.' One hundred cc. of milk is (i-eated with 1 to 2 grams of sodium 
hydroxide, ami evapcjrati'd to drjuiess in a ])latinum dish. The residue is 
thoroughly charred * by gently lieating; at this stage care must be exercised or 
loss of boric acid will result; 20 ee. of water are added, the sample heated and 
hydrochloric acid added drop by drop until all but the carbon has disssolved. 
The mi.\ture is wtished into a I0()-cc. flask with as little water as po.ssiblo, 0..') 
gram calcium chloride addc'd, then a few drops of ])henolphthulein indicator, 
then a 10^/, j sodium hydroxide solution until a slight ])<‘rmanent pink color 
is obtained and finally 25 cc. of linn! water. (All J’-Os is i)nH;ipitated as calcium 
phosj)|jate.) The Ikpiid is made to 100 cc., mixed thoroughly, and then filtered 
through a dry filter. 'I’o 50 cc. of the filtrate, e(|uivalent to .50 cc. of the milk 
taken, normal sulphuric acid is addetl until the pink color disappears, then 
methyl oniiige indicator is iid<led, followed by more of the standard acid until 
the yellow color cliang(5s to a faint j)ink. Carbon dioxide is expelled and the 
liberated boric acid titratc'd in presence of glycerine, according to the procedure 
given for evaluation of bonix and boric acid, und(*r “Volumetric Determination 
of JJoron.” 

Butter.* 'rw<’nty-fiv() grams of butter are wcdglMid out in a beaker and 25 
cc. of a sugar suli)huric acid ndxture added. (Mix={i grams sugar of milk, 
4 cc. normal sul|)liuric, acid per l(M) cc. «>f solution.) The beaker is placed in the 
oven (100° C.) until the fat is melted and the mixtum is thoroughly stirred. 
When the aciueous solution has setthnl, 20 cc. are pii>etted out, phenolphthalcin 
added, the solution brought to boiling and half-normal sodium hydroxide added 
until a faint pink color is obtained. Ten cc. of neutral glj'cerine are added 
and the titration carried on until a permanent pink color appears. The dif- 
ference between the two titrations multiplied by the factor for equivalent boric 
acid gives the weight of boric acid in the portion taken. 

The determination is not affected by the phosphoric or butyric acid or by 
the sugar of milk in the butter. 

Meat.^ Ten grams of the chopped meat are mixed in a mortar with 40 to 
80 grams of anhydrous sodium sulphate, and dried in the water oven. The 
mass is powilored, then placed in a fla.sk and 100 cc. of methyl alcohol added 
and allowed to stand for about twelve hours. The alcohol is distilled into a 
flask and saved. Fifty cc. nmre of alcohol are added to the residue and this 
again distilled into the first distillate. The distillates are made up to 150 cc., a 

' 11. T. Thomson, Glasgow City Anal. Soc. Repts., 189.5, p. 3. 

*The milk residue thoroughly charred will give a colorless solution upon extraction. 

* II. Droop Richmond and .1. B. P. Harrison, Analyst, 27, 197. 

* C. Fresoaius and G. PopiJ, Chem. Centr., 1897, 2, 69. 
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50-cc. portion diluted with 50 cc. of water and 50 cc. of neutral glycerine added 
with phcnolphthalcin indicator, and the boric acid titrated with twentieth- 
normal sodium hydroxide. 

One cc. N/20 NaOII =0.0031 gram liorie aci<l, II3BO3. 

Boric acid in canned goods, s:iuc;(!s, etc., may be determined by 

evaporation of the substance with sodium hydroxide and inciiujration as in 
case of milk. The sodium hydroxiihi is neutralized and boric acid titrated as 
usual. 


GRAVIMETRIC DETERMINATION OF BORON 

The solubility of boron compounds prevents complete pr(!cipitation by any 
of the known reagents, hence most of the gravimetric methods are indirect. 

Distillation as Methyl Borate and Fixation by Lime ^ 

This excellent method, originally worked out by F. A. (looch,' and later modi- 
fied by (iooch and .Jones, de|KMids upon tin* fact tlud flie borates of :ilk.‘iline 
earths and :ilkali(*s give up their bortni in tin* form of tlu* volatile' nu'tliyl lM)rate 
{h.p., Go” when they are distilled with absolute uH'lhyl alcohol (acetone- 

free). The methyl borate pjussed ov'er lime in presence of water is completely 

siiixmific'd, the ]ib('rated boric jicid 
combining with the lime to form 
calcium lM)rate, which mav be dried, 
igtiited, and w('igh<><l. 'i'he increase' 
of the we'ight of the linu' rc'iu'esenits 
the Bjtb in the .sample. 

2H(OCH3)3+CaO+GiW) 

= 6( ’Jl3()lI+(:a(B()3)»+.3H20. 

Procedure. About 1 gram of pure 
calcium oxide is ignited to constant 
weight over a blast lamp and then 
transferred to tiu' dry, Frienmeyer 
I'e'ceiving flask (Fig. 8). 'I’lie crucible 
in which the linu! was heated and 
wc'igluid is set aside; in a elesiccator for 
l!it(;r use. 

0.2 gram e)r less of the alkali Imratcs, 
obt.-iini'd in solution by a pre)ce;durc 
gi\«’n unele'r “Preparation e)f the Sam- 
ple'," is trejiteil with afe;welrops e)f litmus 
(or laemoid), sedution and tlie frex3 al- 
kali ne'ut.r}dize;el with elilutc H(U sedution 
aelde'd elre)p by elrop. A drop of dilute 
.seKlium hydrejxiele; Ke)lution is aeldeel anel 
then a few drops of acetic acid. The slightly acid solution is transferred to the 

’ Proc. .Vin. Acad, of ^irts and Sciences, 22, 1G7-170 (188G). Anal. Chem., 
Troadwell-Hall, Vol. 2. 

See note on p. 75. 
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pijH‘1 te-slui|H‘d retort /?, Imj*;. l)y iiieuiis of tlic utijicliod funnel washing 
out tlie l)(‘ak(‘r and funnel willi three 2- to 3-ee. portions of water. The stop- 
cock of the funnel is closed, the apparatus is connected up as shown in the illus- 
tration, the paraffine bath, heated to not over 140° ('., placed in position and 
the liquid in the retort <li^tilled into the receiver containing the known amount 
of lime. Wlicui all the licpiid has distilled over, the paraffine bath is lowered, 
the retort allowed to cool for a few minutes, 10 cc. of methyl alcohol (acetone- 
free) added to tlu; residues in R and the contcMits again distilled by replacing 
the para^fin(^ bath. The process is r(^p<^ated three tinu^s with methyl alcohol. 
The contents of the nstort (which an; now alkaline), are made distinctly acid 
by addition of acetic a(4d, and three more distillatiof is made with 100-cc. portions 
of methyl iilcohol, as before. The paraflint; bath is now removed, the receiving 
flask is stop{)ered, the contents thorougldy mixed by shaking, and set aside for 
an hour or more for comph'te saponification of the methyl Ixmite. The con- 
tents are now pour(;d i?ito a large jdatinum dish and evaporated on the water 
bath at a temiierature below the boiling-point of the alcohol. (Loss of boric 
acid will occur if the alcohol boils.) The adheriFig lime in the receiving flask 
is dissolved by wetting its caitin; surface with a few dnips of dilute nitric acid 
(the flask b(;ing inclined and revolved to flow the acid over its sides). The 
contents are transferred to the dish with a little water and the evaporation 
repeated. Xo loss of l)ori(* acid will take place at this slag(;, the alcohol having 
been removed during the first evaporation. The rc'sidue is gently heated to 
destroy any calcium acetate that may have; formed, the cooled borate and 
lime are taken up with a little water and transf(‘rred to the crucible in which 
the lime was Invited and w(;ighed. The material clinging to the dish is dis- 
solved with a little nitric acid (or acetic acid), and washed into the crucible. 
The contents of the criicil)h; an; (;vaporat(;d to dryn(‘ss on tin; wat(;r bath, then 
heated very gently over a flame (the crucible being covc^red) and finally more 
strongly. The heating is continued until a constant weight is obtained. The 
increase of weight of the lime represents the amount of ILOa in the sample. 

Notes. (Joo(;h and Jones work(;d out a procedure which utilizes sodium tung- 
state; as a retainer of the methyl borate;, in place e>f the lime. This seibstaiH;e is 
definite in weight, not liydroscopic, soluble in water, and recoverable in its original 
weight after <;vaporation and ignition. ‘‘Methods in Chem, Anal.,” p. 204, 1st Ed. 
By E. A. Clooch, John Wiley & Sons, Publishers. 

Tlie receiving flask has a eork stopper with a hole to accommodate the tube of 
the condenser and a slit to ])ermit the escape of air from the flask. 

Gooch recommends cooling of the receiving flask. 
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VOLUMETRIC DETERMINATION OF BORON 

Titration of Boric Acid in Presence of Mannitol or Qlycerol 

Evaluation of Borax 

The method takes advantage of the fact that boric acid reacts neutral to 
methyl orange (or paranitropheuol), but is acid to phenolphthalein, and may 
be quantitatively titrated in the presence of mannitol or of glycerol, which 
prevent the hydrolization of sodium borate. If insudicient mannitol or glycerol 
are present the color cliangc takes place too soon, the color fading upon adding 
more of these substances. The end-point is reached when the further addition 
of those reagents produces no fading of the color. In the procedure, the alkali 
is neutralized in presence of methyl orange (or i)aranitrophonol), and the liberated 
boric acid is now titrated. 

Reactions. Na,U407+2IICl +511*0 =2XaCl+4II,B()» 

HaHOa+XaOH =NaB()*+2H20. 

Procedure. One hundred cc. of the solution containing the borax, i)ro- 
pared according to directions under “Preparation and Solution of the Sample,” 
equivalent to 2 grams of the substance, is taken for analysis. 

A. Titration of Combined or Free Alkali. Methyl orange indicator is 
added and the solution is titrated with normal or half-nonnal sulphuric acid 
until the yellow color is replaced by an oninge njd. (With paranitrophenol the 
solution becomes colorless.) From this titration the combiiuHl alkali, together 
with any free alkali, is calculated. If frao alkali is known to be absent (see 
note), the amount of liorax may be cakailatetl. 

One cc. N. 11*804=0.031 gram Xa*0, or =0.1911 gram Na2B407* 1011*0, 
or =0.101 gram Na2B407. 

B. Titration of Boric Acid. The liberated bf)ric acid may now be titrated 
with caustic, 'i’liis may be accomplished either on the above portion or on a 
fresh l(K)-cc. portion (free from methyl orange indicator), to which the amount 
of acid, reciiiired to neutralize the alkali, has been added. Fifty cc. of neutral 
glycerol or 1 gram of mannitol are added, followed by phenolphthalcin indicator. 
Normal or half-normal sodium hydroxide is added from a burette until a change 
of color takes place. If methjd orange is pmsent, the color, first becoming yellow, 
changes to an orange red. In absence of methyl orange the characteristic 
lavender or purplish pink of alkali phenolphthalein is obtained. More glycerol 
or mannitol is now added and if the color fades the titration is continued until 
the addition of these reagents no longer produces this fading of the end-point, 
From this titration boric acid is calculated and the equivalent borax determined. 

One cc. N. NaOH =0.062 gram HsBO*, equivalent to 0.0505 Na*B407, or 
0.0955 Na*B4O7-10H*O. 

Factors. Na*0 to Na*B407 =3.2581, reciprocal =0.3069. 

Na*0 to Na*B4O7-10H*() =6.1638, rccip. =0.1622. 

Na*0 to Na*COs = 1.7097, rccip. =0.5819. 

Na,() to Xa*CO, - 1011*0 =4.6155, recip. =0.21(57. 

Notes. In borax (free from excess BaO* or Na*C)), the acid titration is half the 
subsequent alkali titration (factor, acid to borax =0.1011, alkali to borax =0.0955). 
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EV\LVi\T\OH OE 

Ouc hundred (!c. of tlie solution, prepared as direeVod viuvVv ^ 

of tho Sample/' ecpiiviilent to 2 grams of the original niatenah ^ 

oO ee. of glyeorol or 1 gram of mannitol, and tlie acid titrated \Mth .'tail 
caustic, in prcsiMice of ph<‘iiolphtlialein indicator according to the procta uu 
given ill Jiy under “Kvalualiou of Jiorax." 

One cc. normal acid contains 0.(M)2 gram I LUO.!, iience the cc, of caustic 
required multiplied by 0.002 =grams boric acid. 

Examples. Two grams lUlOa by actual ii'st reiiuired 32.1 cc. N. XaOH 
=32.1 X.0G2 = 1.99 grams IhhO,. 


Detection of Minute Amounts of Boron. 

Robin’s Test for Boron, 'lo a few drops of the aiiueous solution under examination 
(slightly acidified witli 11(3) are added two dro]is of a tincture of mimosa flowers, and 
the mixture evaporated to dryness on the water bath. Tho residue is treated with 
dilute ammonia water, whereu])on in ])resenee of boric acid, arose pink to blood red 
color develops, according to the amount ])reseiit. L. Robin claims that as little as 
0.0001 millwam may be dctcicted in ])reseiicc of nitrates, clilorides, iodides, or calcium 
sulphate. Organic acids and soijiurn ])hosphat,o interfere*. ^Fhe reagent is prepared by 
extracting the mimosa flowers with ethyl alcohol. The extract is protected from the 



BROMINE 

WiLKHKi) W. Scott 

Br, aUwt, 70.92; sp.gr, 3.1883*’; m.p. —7.3*’; b.p. 58.7‘’C.; acidsp HBr, 

HBrO, llBrOs 

DETECTION 

Silver Nitrate solution precipitates silver bromide, AgBr, light yellow, 
from solutions containing the bromine anion. The precipitate is insoluble 
in dilute nitric acid, but dissolv(!s with difficulty in ammonium hydroxide 
and is practically insoluble in ammonium carbonate solution (distinction from 
AgCl). 

Carbon Disulphide or Carbon Tetrachloride shaken with free bromine 
solution, or with a bromiile to which a little chlorine water has been added, 
(a large excess of chlorine must be avoided, as this fonus Br(’l compound), will 
absorb the bromine and become a r(uldish- 5 'ellow color, or if much bromine 
is present, a brown to brownish-black. In the latter case a smaller sample 
should be taken to distinguish it from iodine. 

Bromates are first reduced by a suitable reducing agent such as cold oxalit; 
acid, sodium nitrite, hydrochloric acid, etc., and the liberated bromine tested 
as directed above. SiUcr n Urate added to bromates in solution precipitates 
AgBrOs, which is decomposed by hydrochloric acid to bromine gas. 

Barium Chloride precipitates Ba(Br 03 ) 2 , which Is reduced readily to bromine 
as directed above. 

Magenta Test for Bromine.^ The test reagent is made by adding 10 cc. 
of 0.1% solution of magenta to 100 cc. of 5% solution of sulphurous acid and 
allowing to stand until colorless. This is the stock solution. 'IVenty-five cc. 
of this reagent is mi.xed with 25 cc. of glacial acetic acid and 1 cc. of sulphuric; 
acid. Five cc. of this is u.scd in the test. 

Test. Five cc. of the magenta reagent is mixed with 1 cc. of the solution 
tested. Chlorine produces a yellow ct»lor. Bromine gives a reddish-violet 
coloration. The colored eompound in each case may be taken up with chlon)- 
form or carbon tetrachloride and a colorimetric comparison made with a 
standard. 

In halogen mixes, iodine is first eliminated by heating with an iron per 
salt. Bromine is'now liberated by adding .sulphuric acitl and potassium chromate. 
A glass ro(J with a pendant dro]) of .sodium hydroxide is held in the vapor to 
absorb bromine, and the drop them tested with the magenta reagent. After 
iodine and bromine are eliminated, chlorine may bo tested by heating the sub- 
stance with potassium iiermanganate, which liberates this halogen. 

‘G. IDenigfis and L. Chclle. Ann. Chim. anal., 19i:i, 18, 11-15; The Analyst, 
1913, 119. 
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ESTIMATION 

Bromine never occurs free in nature. It is found chiefly combined with 
the alkalies and the alkaline earths, hence occurs in many saline springs and 
is a by-product of the salt industry. It is found in silician zinc ores, Chili 
saltpeter, in sea water (probably as MgBr 2 ), in marine plants. Traces occur in 
coal, hence in gas li({Uors. 

The substance is used in metallurgy, the arts, and medicine. It is a valu- 
able oxidizing agent for the laboratory. 

Preparation and Solution of the Sample 

The following facts regarding solubility should be rememl)ered: The ele- 
ment bromine is very soluble in alcohol, ether, chloroform, carbon disulphide, 
carbon tetrachloride, concentrated hydrochloric acid ami in potassium bromide 
solution. One huiulrod cc. of water at 0° C. is saf.urated with 4,17 grams of 
bromine, and at .')()° (-. with :i.4{) grams. The pres(jnco of a number of salts 
increases its solubility in water, e.g., Baf’lj, SKIa, etc. 

Note. ThoclcTucnt isa dark, brownish-rod, volatile liquid, giving off a dark reddish 
vapor with suffocating odor, irritating the mucous membrane (antidote dil. NIhOH, 
ether), very corrosive. .Acts viohmf.ly on hydrogen, sulphur, phosj)hoTUS, arsenic, 
antimony, tin, the heavy metals, and on ]>otassium, but has no action on sodium, 
eveti at 2(W‘’ C. lileaches iiuligo, litmus, and most organi<! coloring matter. It is .a 
strung oxidizing .agent. Hrominc displaces iodine from its salts, but is displaced by 
chlorine from its combinations. 

Bromides are soluble in water, with the exception of silver, mercury, lead, 
and cui)n)us bromides. 

Brornates are soluble; in water with the exception of barium and silver bro- 
mates and some bjusic brornates. 

Decomposition of Organic Matter for Determination of Bromine. The 

substance is d(!com]iosed with nitric acid in presence of .silver nitrate in a bomb 
combustion tula; by the Carius method described in the chapter on Chlorine, 
under “Preparation and Solution of the Sample” The residue, containing 
the halides, is di.ssolved in wann ammoniji water, and filterctl, as steted. The 
filtrate and washings are acidified with nitric acid, heated to boiling and the 
silver bromide s<;ttkHl in the dark, then filtered through a weighed Gooch cru- 
cible, the washed pre<’ipitate dried at 130° tk and weighed as AgBr. 

In presence of two or three halogens the lime method is recommended, as 
given in the chapter on chlorine, page 122. 

Salts of Bromine. The ready solubility of bromides and brornates has been 
mentioned. A water extract is generally sufficient. Insoluble salts are decom- 
posed by acidifying with dilute sulphuric acid and adding metallic zinc. The 
filtrate contains the halogens. 


SEPARATIONS 

Separation of Bromine from the Heavy Metals. Bromides of the heavy 
metals arc transposed by boiling with sodium carbonate, the metals being pre- 
cipitated as carbonates and sodium bromulc remaining in solution. 

Separation of Bromine from Silver (AgBr) and from Cyanides (AgCN). 
The silver salts are heated to fusion. The mass is now treated with an excess 
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of zinc and sulphuric acid, the metallic silver and the imracyanogen filtered 
off and the bromine determined in the filtrate. 

Separation of Bromine from Chlorine or from Iodine. Details of the 
procedure for determining the halogens in presence of one another is given in 
the chapter on Chlorine, page 130. Free bromine is liberated when the solu- 
tion of its salt is treated with chlorine. 

Separation of Bromine from Iodine.^ The neutral solution containing 
the bromide and iodide is diluted to about 700 cc. and 2 to 3 cc. of dilute sul- 
phuric acid, 1:1, added, together with about 10 cc. of 10% sodium nitrite, 
NaNOi, solution. (Nitrous acid gas may be passed through the solution in 
place of adding sodium nitrite, if desired.) * The solution containing the halides 
is boilcil until colorless and about twenty minutes longer, keeping the volutue 
of solution above (500 cc. O..*) gram KI may be decomposed and tlic iocline 
expelled from the bromide in half ufi hour. The bromine is precipitated from the 
residue remaining in the flask by addition of an excess of silver nitrate mid 
determined as silver bromide. 

The procedure for determining iodine is given in the (shapter on this subject. 


GRAVIMETRIC METHODS 
Precipitation as Silver Bromide 

The general directions for detcrniination of hydrocJiloric acid and chlorides 
ajiply for determining hydrol)romic acid and bromides. 

I. Hydrobromic Acid and Bromides of the Alkalies and Alkaline Earths. 

Procedure. Tlie bromide in cold solution is made slightly acid with nitric 

acid and then silver nitrate added slowly with constant stirring until a slight 
excess is jiresent. The mixture is now heated to boiling and the precipitate 
settled in uhe dark, then filtered through a wenghed (Jooch crucible, and washed 
with water containing a little nitric acid and finally with pure water to remove 
the nitric acid. After ignition the silver bromide is cooled and weighed as AgBr. 

AglirX0.42.5fi=Br, or X0.6337=KBr. 

II. Heavy Metals Present. 

If heavy metals arc pre.sent it is not always po.s.«iblc to prccipitale silver 
bromide directly. The heavy metals may be removed by precipibition with 
onunonia, sodium hj'droxide or carbonate and the bromide then detennined 
in the filtrate as usual. 


VOLUMETRIC METHODS 


Free hydrobromic acid may bo titrated with standard alkali exactly as is 
described for the determination of hydrochloric atdd in the chapter on Acids. 
One cc. normal caustic solution is e(|uivalent to 0.()S()93 gram HHr. 

* F. A. Gooch and . 1 . R. Ensign. Am. .Jour. Sci., (. 3 ), xl, 145 . 

* Nitrous acid gas is generated by dropping dilute IIsS04, by mean.s of a separatory 
funnel onto so<lium nitrite in a fl:isk. 
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Determination of Free Bromine. Potassium Iodide Method 

The method depends upon the reaction KI+Br “KBr+I. 

Procedure. A measured amount of the sample is added to an excess of 
fNDtassium iodide, in a glass-stoppered bottle, holding the point of the delivering 
burette just above the potassium iodide solution. The stopp>ered bottle is 
then well shaken, and the liberated iodine titrated with standaixl thiosulphate 
solution. 

One cc. of N/10 thiosulphate, NaaSjOs =0.007992 gram Br. 

Determ inatiori of Bromine in Soluble Bromides. Liberation of 
Bromine by Addition of Free Chlorine 

When chlorine is added to a colorlass solution of a soluble bromide, bromine 
is libenitcd, coloring the solution yellow. At boiling temperature the bromine is 
volatilized, i Iv. 'i(]uid becoming again colorless. When the bromide is completely 
decomposed an<l bromine expelled, further addition of chlorine produces no color 
reaction. KHr-|-( 1 =K( 'l-j-Br. 

Procedure. The solution containing the bromide is heated to boiling and 
standard chlorine water added fr<»m a bui’ctte (i)rotectcKl from the light by 
b(‘ing covered with black pajKir), the tip of the burette being held just above 
the surface of the hot bromide solution to prevent loss of chlorine. The reagent 
is added in small portions until finally no yellow coloration is produced. From 
the value per cc. of the chlorine reagent the bromine content is readily calculated. 

Standard Chlorine Water. The reagent is made by diluting 100 cc. of 
water saturated with chlorine to hlK) cc. This solution is stiindardized against 
a known lunount of pure potassium bromuUs (dried at 170° Ch), the same 
amount of bromide being taken as is supposed to be present in the solution 
examined. The value per cc. of the reagent is thus established. 

Silver-Thiocyanatc-Ferric Alum Method. (Volhard) 

'^I’he procedure is the same as that used for the determination of chlorine. 
The bromide solution is tnaitetl with an excess of tenth-nonnal silver nitrate 
.solution, and the excess of this reagent determined by titration with ammonium 
thiocyanate, u.sing ferric alum indicator. One cc. of the thiocyanate should be 
ef|uivalent to 1 cc. of silver nitrate solution. The formation of the red ferric 
thiocyanate in<licates the completed reaction. (tJonsult the procedure in the 
cliapter on Chlorine, page 12.5.) 

One cc. of N/10 AgNOj =0.fM)7992 gram Br. 

Determination of Traces of Bromine 

By means of the magenta reagent, described under “Detection,” small 
amounts of bromine may be determined colorirnetrically. 

To 5 cc. of the solution is added 0.2 cc. of strong hydrochloric acid, 1 cc. 
of concentratcil sulphuric acid, 1 cc. of the stuck magenta reagent and 0.2 cc. 
of a 10% solution of potassium cliromatc, shaking the mixture with additior 
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of each reagent, and without cooling, 1 cc. of chlorofortu is added. Comparison 
is made with a standard sample containing a known amount of ))romidc.i 

Notk. a solution containing 0.001 gram bromine jjcr liter has a violet to reddish- 
violet color. 


Determination of Bromates by Reduction with Arsenous Acid 

and Titration of the Excess ^ 


Bromic acid may be reduced by arsenous acid in aecordanee with the reac- 
tion 3H»AsO»+HBrOj =>3H»As04+HBr. In the process a considerable excess 
of arsenous acid is added, the excess titrated with iodine and the bromatc 
calculated. 

^ocedure. The sample of bromate, dissolved in water, is treated with a 
considerable excess of N/10 arsenous oxide (dissolved in alkali hydrogen car- 
bonate) reagent, the solution then acidified with 3 cc. to 7 cc. of dilute sul- 
phuric acid (1 : 1) and diluted to a volume not exceeding 200 cc. After boiling 
for ten minutes, the free acid is neutralised with alkali hydrogen carbonate 
(NaHCOj or KHCO,) and the excess of arsenite titrated with N/10 icKlitie. 

let X cc. equal the difference between the two titrations with N/IO iodine (i.e. 
of total arsenite minus excess arsenite) and w cqusil the weight of bromate de- 
sired, then 


to 


( X cc.Xmol. wt . RBKls 
(iXlOXKKK) 


) 


milligrams. 


ANALYSIS OF CRUDE POTASSIUM BROMIDE AND 
COMMERCIAL BROMINE 

Determination of Chlorine, Combined or Free 

This is the principal impurity present and its estimation is concerned hero. 
Andrews' modification of Bugars/k's method * is as follows: 

Procedure. The following amount of sample and reagents should be 
taken. 


Approx, pop cent Impurity 
If KCl ProHcut iti 

Amount Suhstanro to 
bf Tukfii, Gram. 

luilatf! Solution 1/5 N. 
Jlcquirod: re. 

2N. HNO 3 llcqiiirocl, 

CO. 

Over 5 

0.6 

36 

20 

1.5 to 5 

1.8 

96 

26 

0.2to 1.5 

3.6 

1S6 

35 


»G. Denigds and L. Chclic, Ann. Chem. anal., 191.3, 18-1.5; Analyst, 1913, p. 119. 

By means of the magenta reagent it is possible to detect bromine in the ash of 

S lants, beet root, spinach, etc. The organic substance may be decomposed by 
eating in a combustion tube. Filter paper moistened with the reagent and held in 
the fumes of the organic substances gives the characteristic test if bromine is present. 

* Method of F. A. Gooch and J. C. Blake, Am. Jour. Sci., 14, Oct., 1902. Pro- 
cedure communicated to the Editor by Prof. Gooch. 

• Jour. Am. Chem. Soc., 1907, 29, 275-28.3; Zeits. anorg. Chem., 1895, 10, 387. 
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The mixture is g<'ntly hejited to boiling in a long-necked Kjcldahl flask, 
inclined at an angle of SO”, ijotjissium iodale solution added, then nitric acid 
and sufficient water to make* the volun e about 250 eo. The boiling is con- 
tinued until bromine is expelled (test steam with 2% KI solution rendered 
faintly acid with Jij'drochloric acid). The mixture is boiled down to not below 
tX) cr. Now 1 to 1.5 cc. of 25% phasphorus acid are added and the mixture 
boiled for five minutes after all the iodine has been expelled. The colorless 
li(iuid is cooled, mixeii with a slight exceas of 1/20 or 1/50 normal silver nitrate 
solution (according to the proportion of chloride), the excess of silver nitrate 
then determined by titration with standard thiocyanate with ferric nitrate as 
indicator. (See procedure for silver-thiocyanate-ferric alum method of Yolhard 
for determination of chlorine, page 125.) 

Determination of Chlorine in Crude Bromine 

Three grams of bromine (or more if less than 0.5% chlorine is present) in 
50 cc. of 4% potaasium iodide solution in a ghiss-stoppercd flask (cooled in ice 
during hot weather) are shaken and then transferred to a Kjcldahl flask. Sixty 
cc. of 1/5 N. KIO, solution and 24 cc. 2N. HNOj introduced, the .solution 
diluted t.o 250 cc. and chlorine determined as directed above. 
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WlIiFKBl) W. »S(’()TT 

at.wt. 112 Ai ap.gr, 8.642; m.p. 320.9°^; b.p. 778° C.; oxide, CdO 

DETECTION 

Cmiiiiiuiii is pm’ipitatctl by liydrof^eii sulphide from :iu acid solution as 
yellow cadiniuin sulphide, C<1S. The prijcipitate is insoluble in ammonium 
sulphide (distinction fitim arsiiiuc, antimony, and tin), but dissolves ujion 
addition of hot nitric acid (sejiaration from mercury). Tpon adtlition of sul- 
phuric acid and expulsion of nitric by taking the solution to SOa fumes, and 
dilution with water, cadmium ixiinains in solution (lead is precipitated, rbS() 4 ). 
Bismuth is precipitated by ammonium hydroxide and I’enioved by filtration. 
J*ota.ssium cyanide is added to prevent the jirecipitation of copper sulphide; 
and hydrogen sulphide is led into the solution, whereupon cadmium precipitates 
as yellow CdS. 

(.'admium gives a brilliant spectrum of green ami blue lines. 

Blowpipe Tests. Heated on charcoal in the reducing flame, cadmium gives 
a brown incrustation. The residue is volatile in the reducing flame. 

ESTIMATION 

The clement occurs combined as the sulphide in small (luantities. In the 
mineral greenockitc it occurs as the principal clement. As it occurs in prac- 
tically ail zinc on*s and is found in most coimnercial zinc, it is determined in 
the analysis of these substances. It is a by-])rotluct of lead and zinc smelting. 
The element is determined in certain alloys, especially those used for trial plates 
for silver coinage. It is determined in paint pigments; e.g., OdS, yellow. 

Preparation and Solution of the Sample 

The mettd is slowly soluble in hot, moderately dilute hydrochloric acid or 
sulphuric acid, much mon; reailily in nitric acid. It is soluble in ammonium 
nitrate. The oxide is readily soluble in acids. 

Treatment of Ores 

Sulphides are best dissolved by treating 0.5 to 1 gram of the finely powdered 
ore with 15 to 20 cc. of strong hydrochloric acid and 10 cc. of strong nitric 
acid. After standing on the water bath for ten to fifteen minutes, the solution 
is boiled until the sulphides are decomposed, additional hydrochloric being 
added if necessary. Unless silica is known to be absent the solution is taken 
to dryness and the residue dehydrated in the air oven for an hour. Five to ten 
cc. of strong hydrochloric acid and about 25 cc. of water are added and the 

^Cir. 35 (2d Ed.), U. S. Bureau of Standards. 
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mixture heated to boiling. Tlie rc.siduc of silica should apiJear white. This 
is filtered off and cadmium determined in the filtrate after nmkiiig the neceasary 
separations. 

If lead is present it is advisable to add 5-6 oc. of concentrated sulphuric 
acid to the cf)olcd solution after the hydrochloric-nitric acid treatment and 
to evaporate to SO* fumes. After cooling, 50 cc. of water are added anil the 
mixture heated to boiling, then placed on the steam bath until any iron present 
has cfnnjiletely dissolved. Silica and lead are now filtered off and the filtrate 
treated as tlirected under “Separations.” 

Carbonates may be dissolved by hydrochloric acid alone. Evaporation 
to dr>’ne.s.s is necessarj' if silica is present. 

Alloys are best dissolved in hydrochloric and nitric acids, followed by addition 
of sulphuric acid, and nitric acid then ex]x;lled by evaporating the solution 
to SOj fumes. 

SEPARATIONS 

Remrval of Silica. The procedure has been given under “Preparation 
and Solution of the Sample.” 

Separation from the Ammonium Sulphide Group, the Alkaline Earths 
and the Alkalies. The .solution, acidified with 2 cc. of concentrated sulphuric 
aidd or about 5 cc. of strong liydrochloric acid jicr 100 cc., is treated with 
hyilrogen sulphide to saturation. The j)reci])if.ate, containing cadmium sul- 
phide with other memlxii-s of the group that were present in the original solu- 
tion, is filtered off and washed with hydrogen sulphide water slightly acidulated 
with hydrochloric acid. 

Removal of Arsenic, Antimony, and Tin. Treatment in Absence of 
Copper. The precipitate is rinsed from the filter into the beaker as completely 
as possible with no more water than is iiece.ssary. The beaker is jilaced under 
the filter and cold solution of ])otassium hydroxide (20%) is poured onto the 
filter. (Sodium hydroxide will do.) Arsenic, antimonj’-, and tin will dis.solvo 
and leave cadmium suliihide. A dark-colored residue indicates the presence 
of bismuth, lead, and less frequently, of mercury. 

Treatment in Presence of Copper. A strong solution of potassium cyanide 
may be used in place of a fixed alkali hydroxide. Hy this tre.itmcnt, the copper 
is removed along with arsenic, antimony, and tin. 

If the precipitate is yellow or orange-<!olorcd,' it Ls dis.solveil in hydrochloric 
acid, after thorough Wtoshing with hyilrogen sulphide water, and the solution 
treated according to one of the procedures given later. 

Removal of Lead and Bismuth. Should the above precipitate appear 
dark-colored, lead, bismuth, and possibly mercury are indicated. In the pre- 
liminary treatment of the ore with sulphuric acid, the lead is generally com- 
pletely removed as lead sulphate, but traces may be present in the filtrate. The 
moist precipitate and filter are placed in a flask and 10 cc. of strong hydro- 
chloric acid added, with an equal amount of water. The mixture is boiled until 
the cadmium sulphide dissolves, the HjS gas being driven out of the solution. 
The solution, diluted with 25 cc. of water, is filtered, and the filter washed with 
hot water. Any dark residue may be rejected. The filtrate is diluted some- 
what and then sodium carbonate added in slight excess, followed by 1 or 2 
grams of potassium cyanide. After digesting for some time at a gentle heat 

^ Cadmium sulphide precipitated from a sulphuric acid solution is orange-colored. 
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the mixture is filtered and washed with cold water. ULsiimth and lead remain 
on the filter as carbonates. HjS is now passed into the filtmte, diluted if 
necessary. This should precipitate pure eadiuium sulphide, unless mercury 
is present. The residue is washed with hydrogen sulphide water, and then 
dissolved in hydrochloric acid. 

Separation of Cadmium from Mercury. This separation is seldom re- 
quired. The procedure is base<l upon the insolubility of mercury sulphide in hot 
dilute nitric acid, whereas cadmium sulphide is readily soluble. The two sul- 
phides are boiled with nitric acid, 1 : 3, filtered and the rcjsidue washed with hot 
water. The filtrate is evaporated with a little sulphuric acid to small volume 
on the hot plate and then to SO 3 fumes. (Sjiattering <luring the last stages of 
removal of water will cause loss unless the reeepticlc is covered.) The cooled 
residue is taken up with water and if any insoluble matter remains it is filtered 
off. Cadmium is now determined in the .solution. 

GRAVIMETRIC METHODS FOR THE DETERMINATION OF 

CADMIUM 

Determination as Cadmium Sulphate, CdS 04 

The hydrochloric acid solution of cadmium t)l)tained under the section on 
isolation of the cadmium is evaporated t.o dr^'iicss on the water bath in a wciglnnl 
platinum crucible or dish. The residue is covered with a slight excess of dilute 
sulphuric acid, the solution again evaporated as far as possi])lo on the watcir 
bath, and finally the excess sulphuric acul expelled by gently heating. This 
final stage is best accomplislied by placing the crucible in a larger one, pro- 
vided with an asbestos ring to separate the two. The outer crucible may now 
bo heated to redness without danger of decomposing the cadmium sulphate. 
The heating is continued until no more fumes of sulphuric acid are evolved. 
The residue is weighed as cadmium sulphate, CdS 04 . 

CdSO*X0.5392 =Cd. 

Electrolytic Determination of Cadmium 

This method for detennination of cadmium is exctw'dingly accurate. The 
procedure recommended by Treadwell ' gives excellent results. 

Procedure. A drop of phonolphlhaloin is added to the cadmium sulphate 
solution (obtained by evaporating tin* h>«lrochloric acid .solution with sulphuric 
a<'id to SO 3 funu's), then a solution of pun* cjinstic .soda until a ix*rrnanent red 
color is obtained. A strong solution «)f ]>ota.'<siuin cyanide is now stirred in, adding 
drop by drop, until the cadmium hydi-oxide jn-ccipitate ju.st dissolves (an excess 
should be avoided). The solution is dilutcil to about 100 cc. with water and 
electrolyzed in the cold, using a gauze cathode, the curnsut lH*ing O..^ to 0.7 ami)ere 
and the electromotive force 4.8 to .5 volts. At the end of five or six hours the 
current is increased to 1-1.2 amiK'rcs, and the solution electrolyzctl for an hour 
more. 

^ Treadwell and Hull, Anal 3 'tical Chem., Vol. 11. Beilstein and Jawein, Bcr., 12, 
44G. 
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The is quickly |X)urp(l off, or l)ott(‘r, the beaker lowered, and another 

of water substituted. Tlie depo-site*! metal is then washed by dipping the 
cathode in alcohol and linally in ether. After drying at J(K)° C.y the cooled 
cathode is weigluMl, The increase of weight represents the deposited metal, 
cadmium. 

J'l F. Smith,’ rceommeruls the addition of one gram of {X)tas.sium cyanide to 
,')0 ce. solution of the chloride or sulphate .salt, followed by dilution to 125 cc. The 
electroly.sis is conducted at a ten»|H'raturo of 60° C. with N.D.i(,o = .06 ampere and 


E.AI.F. =.‘1.2 volts. 

/{npul (Icpoxition can Ik* ('ffected bj' means of the rotating anode (600 revolutions 
IK‘r minute). The solution of cadmium sulphate containing li cc. of lEStb (1 : 10) 
per 150 cc. The .solution, heated to boiling, is electrolyze*! with a current of N.D.m 
=5 amperes, E.M.F. =8-0 volts. Fifteen minutes is sufficient for the dci)osition 
of .5 gram of cadmium. 


Notks. Before washing and discontinuing the current, it is advisable to add 
a little water to raise the level of the liquid and continue the electrolysis to ascertain 
whether the depo.sition is complete. 

Traces of cadmium may Ik* estimated in the above .solution by saturating this 
with HaS and comparing the yellow-colored colloidal cadmium sulphide solution with 
a known quantity of cadmium and the same amounts of potassium hydroxide and 
cyanide us in the solution tested. 


VOLUMETRIC DETERMINATION OF CADMIUM 
Titration of Cadmium Sulphide with Iodine.^ 

The titration of cadmium sulphide with standard io<Une in a hydrochloric 
acid solution is the same as the procedure given for determination of sulphur 
by the evolution method, the following reaction tsiking place: 

CdS +2I1( U + h = CdCh+aill -bS. 

Procedure. Cadmium having been isolated as the sulphide according to 
the standard procedures given, tlie precipitate is washed and allowed to drain 
on the filter. The filter, togetlujr with the sulphide, is placed in a beaker 
or an Erlemneyer flask, water added, and the whole shaken to break up the 
precipitate. A moderate quantity of hydrochloric acid is added and the solu- 
tion titrated with standard N/5 or N/10 iodine solution. Towards the end 
a little starch solution is added and the titration continued until the excess 
of iodine colors the solution blue. If preferred, an excess of iodine solution 
may be added and the excels determined by a back-titration with standard 
thiosulphate solution. 

One cc. N/10 iodine =0.00562 gram cadmium. 

’ Electro- Analysis, E. F. Smith. P. Blakiaton’s Son & Co. Pub. 

2 P. von Berg (Z. a. C., 26, 23) transfers the precipitate and filter to a stoppered 
flask, expels the air with CO3 and by boiling and then titrates in an hydrochloric acid 
solution. E.\ix)rimcnl3 by the author have shown this caution to be unnecessary. 



CALCIUM 

WiLFUKD W. Scott 

Ca,at.wt, 40.07; ap.gr. 1.6446'*®"; m.p. 810° ^C.; oxide, CaO 

DETECTION 

In the usual course of qualitative an«l quantitative analysis calcium passes 
into the filtrates from the elements prticipitated by hydrogen suli)hide in acid 
and alkaline solutions (Ag, Hg', Hg", Pb, C’u, (’d, As, Sb, Sn, Pe, C^r, Al, Mn, 
Ni, CV), Zii, etc.), and is precipitated from an amnujiiiacal solution by am- 
monium carbonate as calcium carbonate, along with the carbonates of barium 
and strontium. The separation of calcium from barium and strontium is con- 
sidered under Separations. The o.xalatc of calcium is the least soluble of 
the alkaline-earth group.* All, however, are soluble in mineral acids. Calcium 
oxalate may be precipitated from W'cak acetic acid solution by ammonium 
oxalate. 

Flame Test. The flame of a Jlunscn burner is colored yellowish nal when 
a platinum wire containing calcium salt moistened with c ncentrated hydrochlo- 
ric acid is held in the flame. 

Spectrum. An intense orange ami green line with a less distinct violet 
line. Note chart of the spectra of the alkaline earths. Plate II. 

See chapter on Jlarium under Scj)arations — Prelimintiry 'Fests, page 52. 

ESTIMATION 

The determination of calcium is recjuired in complete analys(!s of ores. It 
is of s{)(‘cial imj)ortanco in the analysis of mortar, cement, bleaching powder, 
plaster of Paris, certain paint pigtmuits sin^h as i>hosphorescent paint, CaS. 
'Fho determination is nMiuiml in the analysis of water. 

C/alcium occurs in the folh)wing substances: as carbonate in limestone, 
marble, chalk, Iceland spar, shells, coral, pesirl. Together with magnesium it 
is found in dolomite. It occurs as sul])hute in anhydrite, gypsum, alabaster, 
selenite; as silicate in the mineral wollastonite, CaSiO;,; as pho.sphate in pho.s- 
phorite, ra3(P04)2, also in boiuis and in apatite, 3(.'a3(P()4)2-(-'aP2; as fluoride 
in fluorspar, CaF*. As oxalate it occurs in plant cell.^. It is found in nearly all 
mineral springs, artesian wells, and river waters, principally as bicarbonate of 
calcium, CaHCOs. 

Preparation and Solution of the Sample 

The oxide, hydroxide, and salts of calcium are soluble in acids with the 
cxcoptien of gypsum and certain silicates which require fusion with sodium 
carbonate or bicarbonate followed by an hydrochloric acid extraction. 

*Cir. 35 (2d Ed.) U. S. Bureau of Standards. 

•Solubility: CaCjf >4 ^0= 0.000554 gram per 100 cc. H,0. BaC204- 1 1,0= 0.0093 
gram. SKJj()4*H2()=0.005l gram. MgCj()42HjO=0.07 gram. 

Van Nostraud’s Chem. Annual — Olsen. 
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Solution of Limestones, Dolomites, Magnesites, Cements, Lime, etc. 

One gram of the powdered material is digested in a 250-cc. beaker with 
20 cc. of water, 5 cc. of concentrated hydrochloric acid, and 2 or 3 drops of 
nitric acid (sp.gr. 1.42). The beaker is covered to prevent loss by effervescence. 
When the violent action has subsided, the sample is placed on a hot plate and 
boiled for a few minutes. The wateh-glsiss is rinsed into the beaker and the 
solution filtered. The residue is washe<l, dried and ignited in a platinum cru- 
cible, and tlien fused with a little .sodium carbonate or bicarbonate. The cooled 
fusion is dLssolvcd in hot dilute h 3 '^drochlorie acid, the liciuid added to the main 
solution and calcium determined by prermitation as calcium oxalate, after removal 
of silica, iron, alumina, etc. 

Solution of Gypsum, Plaster of Paris, and Sulphates of Lime, etc. The 

treatment of the sample is similar to the one given above with the exception 
that it is advisable to add a Ijirger amount of .strong hydrochloric acid, e.g., 
about 20 to 2.'> cc. If barium sulphate is i)rcscnt it is indicated by the clouding 
of the solution, upon acidifying the water extract of the carbonate fusion. 

Silicates. Solution of silicates is best obtained by direct fusion of I gram 
of the i)owdercil material with 4 to 5 grams of sodium carbonate, in a plati- 
num crucible. The cooled nujlt i.s nf»w c«)vercd with water and dlsssolved with 
hydrcKihloric acid according to the standard procedure for carbonate fusions. 
The hydrochloric! acid solutions are taken to <lrvness and the silica dehydnited 
in an oven at 110“ C. for an hour and then the n!sidue is extrjutted with dilute 
hydrochloric acid and filtered. The filtrate contains iron, alumina, magnesium, 
lime, etc. 

Chlorides, Nitrates, and Other Water-soluble Salts. Thase are dissolved 
in water slightly acidifie<l with h 3 'drochl(»ric acid. 

Sulphides, Pyrites Ore, etc. The ore should bo oxidized with bromine or 
by roasting, j)revious to the aci<l treatment. 

SEPARATIONS 

Removal of Silica. 'Fhe solution obtained 1)3'^ one of the above procedunis 
is cvaporat<*d to <lryiM!ss and the silica <l(!h3'^tlrat(!d at 1 10“ (h for an hour. The 
nwidue is now extracted with dilute h 3 'droehloric acid. Silica remains insoluble 
and ma 3 '^ be filtered off. The solution contain lime, together with iron, alumina, 
magnesia, etc., as chlorides. 

Removal of Iron and Alumina. The filtrate from the silica residue is 
treated with a few drops of nitric acid and boiled to oxidize the iron. Ammonia 
is now added cautiously until the solution just smells of it (a large excess over 
that re(juired to neutralize the acid and combine with iron and alumina, 
will tc!n<i t<» dissolve Al(OH) 3 )- The precipitated hydroxides are allowed to 
settle and then filtered hot through a rapid filter and washed with hot water. 
Calcitim, together witli magnesium, is in solution and passes into the filtrate. 

Removal of Copper, Nickel, Cobalt, Manganese, Zinc, and Elements 
Precipitated as Sulphides in Acid and Alkaline Solutions. This separation 
is retjuired seddom in lime-bearing ores. In unal 3 'sis of pyrites and certain 
other ores, containing members of the hydrogen sulphide and ammonium sul- 
phide grouj>s, tlic removal of these impurities is nece.ssary. 

The solution from the residue of silica is made slightly ammoniacal and 
U 2 S passed into the solution to saturation (or ammonium sulphide may bo 
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add^l). The precipitatc<l sulphides are filtered off from the solution heatetl to 
hoiling. The filtrate eoiitainini; the caleium is boiled down to 50 to 75 ce. arul 
tho precipitated sul{)hur removed by filtration. Calcium is determined in the 
fijtrate by precipitiition with ammonium oxalate or oxalic acid ticcording to 
directions given later. 

Separation of Calcium from Magnesium and the Alkalies. In the pres- 
ence of considenible amounts of calcium and comparatively small quantities 
of magnesium the oxalate method of precipitating cahuum, in presence of 
anmionium chloride, is generally sufficient for precipitating calcium free from 
magnesium and the alkalies. In analysis of dolomite, MgC’Oa-CaCJOa, and of 
smnples containing comparatively large amounts of mtignesium, a double pre- 
cipitation of calcium is generally necessary for reiuoval of occluded m<*ignesium. 

Separation of Calcium from Barium and from Strontium. The alkaline 
earths are converted to nitrates, all moisture expelled by heat, and calcium 
nitrate extracted from the insoluble nitrates of barium and strontium by a 
mixture of anhydrous ether and absolute alcohol, in equal parts, or by boiling 
the dry nitrates in amyl alcohol (6.p., 137.8“ C.). Details of the procedure are 
given under Separations of the A Ikaline Larths in the chapter on Barium, page 63. 

Phosphate Rocks, Calcium Phosphate, etc.^ 

Determination of Lime in Presence of Phosphates, Iron, and Alumina. 

Should phosphoric acid be present in the solution, calcium will be precipitated 
as a phosphate upon making the solution neutral or slightly alkaline with 
anunonia, and will remain with iron and alumina precipitates. 

Precipitation of Calcium Oxalate in Presence of Iron and Alumina. 
The solution containing the jihosphiites freed from silica is oxidized by 
boiling with nitric acud as usual. Anunonia water is added to tlie cooled 
solution until a slight precipitate forms, and then citric acid is addtjsl in suf- 
ficient c]uantity to just dissolve the precipitate. If this does imjI readily occur, 
additional anunonia is added, followed by citric acid until tho solution clears, 
then about 15 cc. of citric acid in exce.ss. The solution is diluteil to 200 cc. 
and heated to boiling, (’alcium oxalato is now j)rocipitated by addition of 
ammonium oxalate. Iron aiul alumina remain in solution. 

Citric acid is made by dissolving 70 grams of the acid, ILt'.lLOj-HaO, in a 
liter of water. 

Wagner’s Solution. In place of citric acid, the following solution may bo 
used. Twenty-five grams of citric acid and 1 gram of salicylic aciil arc dissolvcil 
in water and made to 1000 cc. Twenty-five to 50 cc. of this reagent is effective 
in preventing precipitation of iron and alumina. 

^ Zeit. flir Angewandto Chemie, 34, 77G, Aug., 1898. 
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GRAVIMETRIC DETERMINATION OF CALCIUM 
Precipitation of Calcium Oxalate and Ignition to Calcium Oxide 

Calcium oxalate is precipitated from feebly aimuoniacal solutions or from 
solutions acidified with acetic, oxalic, citric, or salicylic acids, by means of 
ammonium oxalate. The pnwence of ammonium chloride hinders precipitation 
of magnesium and does not interfere with that of calcium. If, however, much 
magnesium (or sodium) is present it will contaminate the calciu u precipitate 
so that a second yjrccipitat ion is necessary’’ to obtiiin a pure product. The 
compound fonned from hot solutions is ciystalline or granular and filters naidily, 
whereas the flocculent precipitate formed in cold solutions does not. Calcium 
oxalate, CaC204'il20,‘ decomposes at red heat to CaO, in which form it is 
weighed. 

Procedure. If the calcium determined Ls in the filtrate from previous 
groups, hydrogen sulphide is expelled by boiling and the precipitated sulphur 
filtered off, the solution having been concentrated to about 200 cc. The fil- 
trate should contain sufficient ammonium chloride to hold magnesium in solu- 
tion in presence of ammonium oxalate (i.e, about 10 grams NII4CI per 0.0015 
gram MgO per 100 cc. of solution.) * If not already present, the chloride is 
added in sufficient amount, and the solution diluted to about 4(X) cc. 

Precipitation. The solution is heated to boiling and 10 cc. of acetic acid 
added to the neutral mixture. Fifteen cc. or more of a saturated solution of 
oxalic acid * is added and after five minutes a slight exceas of ammonia. The 
solution is allowed to cool an hour or so, the clear solution <lecantcd through 
a lO-cm. filter and the precipitate washed three times by decantation and finallj' 
on the filter w'ith dilute ammonia (I : 10), or 1% aimnouium o.xalato. 

To remove clinging impurities (Na or Mg) the precipitate is dissolved in 
dilute nitric acid (1 : 4) and the filtrate cr>llected in the beaker in which the 
first precipitation was nuide. The solution is heated to boiling after luldition 
of a few drojxs of oxalic acid and sufficient ammonium hydroxide to make the 
solution slightly alkaline. The precipitated oxalate is allowed to settle, filtered 
and washed as in the first precipitation, the oxalate adhering to the sides 
of the beaker being carefully “copped” out. The oxalate is ignited wet in a 
weighed crucit)le, the heat being low at first, until the filter has charred and 
then to the full heat of the M4ker blast lamp. Fifteen minutes of blasting 
should bo sufficient to obtain constant weight. If the precipitate is large a second 
ignition is advisable to insure the complete decomposition of the oxalate and 
carbf)nate to oxide. 

The crucible is cooled in a desiccator and weighed as soon as po&sible.* 

Factors. CaO X 0.7146 =Ca, or X 1.7847 =CaCO„ or X 2.8908 =Ca(HC02),, 
or X 2.428 =CaSO*. 

'Calcium oxalate dried at 100 =CaC 2 O 4 *IT 2 O. Heated to 200° C. = =CaC 204 . 
At .'500'’ C. the oxalate begins to decomi) 08 e, free carbon is liberated, and calcium 
carbonate begins to form. At bright red heat carbon burns off and the carbonate is 
com])letely decomposed to the oxide and C() 2 . 

* Mcllor, “A Treatise on the Ceramic Industries,” 213 (1913). 

* Ai)proximately 8.6% at 20° C. About five titnes iis much ammonium oxalate 
as is required for combination with calcium and magnesium should be added to the 
solution. 

* Calcium oxide absorbs moisture and CO* from the an*. 
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Other Methods. Qravimetric 

Calcium may be converted to carbonate, sulphate or fluoride and so we^h^. 
The oxide above obtained may be converted to sulphate by moisteiung with 
a few drops of water and then adding a slight excess of sulphuric acid (1 : 4, 
dilute). The excess sulphuric acid is driven off by heating over a low flame 
to SOi fumes and then more strongly at dull red heat until the excess acid has 
been expelled. A ring burner reduces the risk of spurting. Addition of a drop 
or so of ammonia to the cooled residue and reheating assists expulsion of the 
acid. The residue is weighed as CaS 04 . 

CaSO4X0.2a43=Ca or X0.4119=CaO or X 0.7352 -CaCO*. 

VOLUMETRIC DETERMINATION OF CALCIUM 
Titration of the Oxalate with Permanganate ^ 

This procedure may be applied successfully in a great variety of instances 
on account of the readiness with which calcium oxalate may be separated. 
In the presence of iron, alumina, manganese, magnesia, etc., it is advisable to 
make a reprecipitation of calcium oxalate to free it from adhering contattiinations. 

The following reaction takes place when potassium permanganate is added 
to calcium oxalatti in acid solution; 

6CaCj04+2KMn()4+.SILS(J4 =5( ’aS()4+K2S()4+2MnSO4+10C(),+SITjO. 

Procedure, f'ahduni oxalabi, obbiitietl pure, by precipitation and washing 
according to direcitions given under the gravimetric determination of calcium, 
is washed into a flask through a |M!rforati<»n made in the filter paper, the filter 
is treateti with a little warm, dilute sulphuric a<;id and the adhering o.xalatc 
dissolved and washed into the flask. About 25 cc. of dilute sulphuric acid, 
1 : J , is added and the solution diluted to 250 to 300 cc. 

When the precipitate has dissolved, the solution warmed to 60 or 70® C. 
is titrated with standard potassium permanganate, .added cautiously from a 
burette with constant agitation, until a faint permanent pink color is ol)tained. 

One cc. N/10 KMn()4=0.(K)20 gram Ca,» or X0.(X)2.S =CaO. 

Factors. CaXl.3993 =Ca() or X 2.4974 =CaCOs or X 3.3975 =»CaS 04 or 
X 2.581 =Ca,(P04)i. 

Analysis of Limestone and Cement. Sec chapter on C'ement by TIichard K. 
Meade. 

* Freacnius, Hempel, Mohr, Sutton and others have testified to the accuracy 
of this method for the determination of calciiun. 

* HCl in modemte qaantity may be used in place of aul]>huric acid without danger 
of liberating free chlorine as is the case in presence of iron. — Fleischer. 

•From the reaction 2 KMn<) 4 , equivalent to .50 or 1011, reacts with .50a0i04. 
and 5Ca;B(5x40)-^10=:20. A normal solution of calcium =20 grams Caper liter. 
One cc. N/10 solution =0.002 gram Ca. 
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Wilfred W. Scott. 


C,t aUwt. 12.0; »p.gr. amorp. 1.75-2.10; cryst,; graphite, 2.25; diamond, 
3.47-3.5585; m.p. sublimes at 3500** C.; oxides, CO and COi 

DETECTION 2 

Element. Carbon is recognized by its appearance and by its inertness 
towards general reagents. It is seen in the charring of organic matter when 
heated or when aeted upon by hot concentrated sulphuric acid. 

Upon combustion with oxygen or by oxidation with cliromic and sulphuric 
acids, carbon dioxide is formed. The gjis pttssed into lime water forms a white 
pnicipitate, CaCOa. White precipitates are formed when the gas is led into 
barj'ta water (BaCOj ppt.), or into an ammoniacal solution of lead acetate 
(PbCOa pptd.). 

Carbon Dioxide. Carbonates. CO 2 in Gas. A white precipitate with lime 
water, baryta water, ammoniacal solutions of calcium, or barium chlorides, or 
lead acetate (basic). 

Carbonates. Action of mineral acids cause effervescence, C ()2 being evolved. 
The gjis is odorless (distinction from SO2, HjS, and N2O3) and is 
colorless (distinction from N2O3). The gas absorbed in the 
reagents above mentioned produces a white precipitate. The 
test is best made by placing the iiowdered material in a large 
test-tube with a stopiier carrying a funnel and delivery tube as 
shown in tlie illustration. Fig. 9. For small amounts of combined 
(^> 2 , warming of the test-tube may be n(s!(;s.sary. Sulphuric or 
phosphoric acid should las u.sed to lil)erate the gits, which is 
conducUid into the reagent used for the test. 

Distinction between Soluble Carbonates and Bicarbonates. 

The solution of the former is alkaline to phenolphthalein indicator 
(pink). Bicarbonate solutions remain colorless with, this indi- 
cator. Normal carbonates precipitate magnesium carbonate when 
added to magnesium sulphate solution; bicarbouates cause no 

precipitation. Fio. 9.— Test for 

Free Carbonic Acid in Water in Presence of Bicarbon- Carbonate, 
ates. 0.5 cc. of rosolic acid (1 part acid in 500 parts of 80% 
alcohol), produces a red color with bicarbonates in absence of free CO 2 , and a 
colorless or faintly yellow solution when free CO 2 is present. 

Carbon Monoxide. 'Ihe gas burns with a pale blue flame and is not ab- 
sorbed by potassimn hydroxide or lime water (distinction from CO 2 ). It is oxi- 
dized to CXli and so detected. With hot, concentrated potassium hydroxide, 
potiissium fonnate is produced. 

The gas is detected in the blood by meaius of the absorption spectrum. 

‘ Van Noslrand’s Chemical Annual, Olson. 

* Prescott and Johnson, “Qual. Chem- Anpl ” 
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ESTIMATION 

The dement occurs free in nature in the crystalline forms, diamond and 
graphite, and in the amorphous form, charcoal, coke, etc. It occurs in iron, 
steel, and in certain alloys. Its csti .nation in these metals is generally required. 
Carbon is determined in the analysis of organic compounds in which it is 
in'^mriably combined and may also be present as free carbon (asphaltum). 

ComLined as a carbonate it occurs in a largo number of substances, among 
which are found calcite, marble, limestone, dolomite, magnesite, strontianite, 
witherite, spa tic iron ore. It occurs as the dioxide in the air, in water (HiO'CO^) 
and in flue gas. Carlmn dioxide is the active constituent of baking powders 
(NaHCO,). 

Preparation of the Sample 

Iron, Steel, and Alloys. Drillings taken from difTerent sections of the rep- 
resentative bar should be free from grease and dust. These are best kept in 

gla.ss-stop|)ered bottles. Where a large number of 
ilaily samples arc determined, it is found more 
convenient to use small manilu envelopes, upon 
which the record of the analysis may be placed. 
Should it be impo.ssible to obtain drillings free 
from grease, this impurity may be removed by 
heating the sample in an atmosphere of nitrogen, or 
by repeated extraction with ether. 

Coarse chijis, cast-iron drillings, etc., should be 
broken down in a chilled-steel mortar, I'^ig. 10. 
Fio. 10. — Chilled Steel Mortar. Carbon may now be separateil in a definite 

weight of the sample as directed below, <»r it may 
be determined by direct combustion or by oxidation with chromic acid acconl- 
ing to a procedure gi\'en later. 

Organic Matter. It is advisable to fuse this in a nickel or iron crucible 
with sodium ])eroxidc. The carbonate thus formed may be determined as usual. 
The organic substance may be oxidi/.ed tlircctly in the combustion furmice. 

Carbonates. Limestone, Dolomite, Cement, Alkali Carbonates and 
Bicarbonates. The ])owdercd material is ilectomposed l)y addition of an acid 
as directed in the methods given later. 

Separation of Carbon from Other Substances 

The element is generally deferniined as carbon dioxide, in which form it is 
liberated from^ most of the combinations in which it occurs, free from other 
substances by ignition in a current of oxyf^m, or by oxidation with chromic 
aci<l as tHrocted later. 

Separation of Carbon in Iron and Steel. Cupric Potassium Chloride 
Method. ()..o to 2 grams of the <lrillings are treated with 100 to 200 cc. of 
cupric jstbvssium chloride solution and 10 cc. of hy<lrochlf>ric aedd (1.19). This 
mixture dissolves the iron according to the reaction 

Fe-l-CuCl 2 =FeCli-f-Cu and Cu-f-CuCl* ^CuaCl,-)- carbon as a residue. 
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The solution should be stirred frequently to hasten the solution of the iron. 
It is advisable to keep the temperature of the solution at about 60® C. When 
the iron and copper have dissolved the carbon is filtered off into a perforated 
platinum boat or crucible, as directed under tl.e methods. It is now ny i diataH 
to CO 2 and so determined. 

Note. The^ cupric potassium chloride solution is prepared by dissolving 150 
parts of potassium chloride and 170 ^rts of crystalli:ed cupric chloride in water 
and crystollhsing out the double salt. Three hunm^ gra r.s of this salt are dissolved 
in 1000 cc. The solution may be used several tunes by chlorinating the dirty brown 
filtrate from the carbonaceous residue. The cuT>rons chloride formed during the 
solution of the steel is converted again to cupric chloride, and the chlorinated dbuble 
salt is even more energetic in its solvent action than the freshly made reagent. (Blair.) 


QRAVIMETRIC METHODS FOR DETERMINATION OF 

CARBON 

The determination of carbon by combustion with oxygen is made in two 
general classes of substances: A. Steel, iron and in certain alloys. B. Organic 
cr>»njwund8. Carbon in steel and alloys is considered in two forms: carbide 
or combined carbon, and graphitic carbon. In organic sulistances carbon occurs 
principally combined with hydrogen, oxygen, and nitrogen. For the present 
we will consider procedures for the determination of carbon in steel and 
alloys. 

The most accurate procedure for determination of carbon in steel, alloys, 
and in other materials containing the substance combined or free is by com- 
bustion with oxygen in a furnace heated by gas or electricity; the carbon dioxide 
formeil being absorbed in caustic, and weighed. 

Apparatus. Combustion Furnace. Although the gas furnace has 
been used more commonly on account of gas being more available than elec- 
tricity, the exten.sion of generating electric plants makes it po.ssible to use electric 
furnaces, and these are gradually displacing those heated by gas, as they are 
more compact, ea.sily manipulated and comparatively si nple in structure. 

A simple electric furnace may be made by wrapping a silica tube with a 
thin covering of asbestos pajHjr, which has been moistened with water. On 
drying the pajMjr will cling to the tube. A spiral coil of nichrome wire (Driver 
and Harris) is wound around this core. On a 2-foot length of tube two 45-foot 
lengths of No. 18 W'ire, connected in parallel, wdll heat the tube to bright redness, 
attaching the terminals to an ordinary light socket. The coils should be 
covered with i-in. coating of alundum cement. For appearance’ sjtke as well 
as for protection, the tube is placed in a large cylinder of sheet iron, packed 
around with asbestos, and is held in jmsition by circular asbestos boards placed 
at the ends of the large cylinder. The cylinder is mounted on a stand. 

Absorption Apparatus. A large number of forms arc for sale. The Geissler 
and Liebig bulbs have been popular (Figs. 11 and 12), but are now being displacc<l 
by forms that have less surface exposed, that arc more esvsily cleaned and less 
fragile, such as Gerhardt’s, Vanier’s and Fleming’s apparatus (h’igs. 13, 
14 and 16). The Vanier and the Fleming absorption apparatus are especially 
to be recommended, on account of their capacity, compactness, efficiency, in 
handling gases passing at a rapid rate, and their simplicity of form. 
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Procedure for Determining Carbon by Combustion. Mr. William H. 
Fleming ‘ describes his apparatus in the Iron Age, Jan. 1, 1914. The following 
abstract is taken from Fimer & Amend’s circular, edited by Mr. Fleming. 

The greatest value of this rapid methtwl is realized when it is used to follow 
a bath of steel in the open-hearth furnace preliminary to tapping. It abolishes 



completely the unreliable and dangerous color carbon, liy this method abso- 
lutely accurate nwvdts can be n‘portod to the oixm hearth ten minutes after 
the drillings are rcceivetl. 

In principle this method is not new; in manipulation it is new. Hereto- 
fore clKiinists have been laboring iinder the impre.ssion 
that the flow of g;vs during a combustion must not exceed 
a certain snail-like pace. 'Phis false impro.ssion has been 
injected into the minds of chemists by a few who were 
supposed to have investigated the matter. The truth is 
that the faster oxygen is fed to burning steel the more 
coniphite the combustion will be. The rate of current is 
limited by the efficieiuy of the apparatus used to absorb 
the evolved carbon dioxide. 

The Apparatus Described. The combustion train is 
shown complete in Fig. 1.5. The oxygen is delivered to 
the tmin through a regulating and reducing valve such as 
is used for welding. The nigulating valve is not essen- 
tial, yet any chennist who uses one will appreciate its con- 
venience, esi^ecially in this method. Its convenience will be 
explained later. K is .a mercury jircssure gauge. It serves 
as a guide during the combustion and is an essential piece 
of apparatus. 'I'he graduated column is b ins. high and is 
divided into eighths. P is a washing bottle containing caustic potash solution. 
Filled to the mark indicated with «50% solution it will serve for at least 1000 com- 
bustions. It is used solely to indicate the flow of gas, not to purify it. If the 
chemist desires he may omit this from the train. 7’ is a calcium chloride jar. 
It is filled to the mark indicated with finely divided calcium chloride, about pea size, 
retaining aU the dust. A layer of asbestos is formed over the chloride and the 
remaining space filled with soda lime. The glass tubing leading from the jar is 
loosely packed for a distance of several inches with asbestos. This prevents any 
soda lime dust being carried into the combustion tube. Cr is a mercury valve like 
that used in Johnson’s train. It is used solely to maintain an atmosphere of 
> Metallurgist, Andrews Steel Company, Newport, Ky. 



Fig. 14. — ^Vanier 
Bottle. 
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pure oxygen in the purifj'ing train, a condition essential to accurate results. 
It is not u.sed to prevent carbon dioxide backing intf> the purifying train, of which 
there is not the remotest possiliility. 

The combustion tube is the ordinary fused n ar § ^ 

silica tube glazed on the inside only. The tube 
is 30 ins. long with inside diameter of from jf ^ . 

to 1 in. One tube t)f 30 ins. will serve twice as ^ 5 ^ 

long as one of 24 ins. It is loosely packed with TI D ^ ^ 

asbestos for a distance of 0 ins. at the exit end, fay 

and 3 ins. is allowed to project from the furnace. 

For about the first 100 combustions, the com- ^ ' ' ^^====3^^' 

bustion boat is puslied close against the asbestos. ^ ^ 9 

The portion of the iul)e immediately ab«»vo this — k 

will become coated with iron oxi<le. The asbesb)s I M 

is tlien nnmxl up so that it covers this portion t S ^ S 

of the tube and a fresh an'a expo.sed to the ^ V ^ 5 

spraying oxide. In this manner one tube can be ^ ^ ^ 

made to serve 6(K) combustions (»r even more. 11 ^ g 

Both platinum and ni«-kel cylimlers have been '* ^ ^ 

used insule the tube t.o protect it from the spraying ^ ^ ^ 

oxide, but it is doubtful whetInT this practice pays. H ^ «g 

These cylinders are not used in this laboratory ! I ^ a 

because it is believed that they tiebiy incii)icnt 1 j ^ v§ 

combustion for at least thirty sc<*f)nds. i j ^ .1 

The Furnace and Combustion Tube. The ; i ^ ’a 

furnace u.sed is one of the ordinary resistance jj 1 ^ S 

tj'^pe. It is constantly maititained at a tern- U i <s 

perature of 10(K)° (1. This temperatun} is verified Y S S 

ilaily by the use of a pyrometer. Many claim to (I , ?s^ *3 

be expert at judging temperatures, but none are ^ ^ ^ -g 

expert enough to be without a pyronnder. The g - - - ^ ^ § 

two-way stop following the combustion tube will ^ ^ & 

be found very convenient when it is not desirable ^ ^ ^ 

to pass the current through the jars Z and O. fr ^ ^ 

Z is filled with 20-mesh zinc. Once filled it ^ *1 

will ser\’e for several thousand combu.stions. As / > ‘ ^ 
a matter of fact it is included in this train as ■§1 ^ fTsil T 
a filter. If nickel boats and aluminum arc used ^ _ »o 

the chemist may omit this zinc jar from the ^ ^ 

train, for with all orilinarj' grades of .steel it serves j ^ ^ 

no purpose. 

O is the phosphoric anhydride jar. A little 
asbestos is placed in the lower part just above 

the lower stopper. The remaining space in the ^ 

jar is completely filled with phosphoric anhydride. ^ 

The upper stopper is packed tightly enough to ^ § ♦— Q ^ 

prevent any powder being swept 'into the weigh- ^ 

ing apparatus. As the anhydride liquefies it 
passes down into the lower stopper, where it can 

be removed conveniently without disturbing the anhydride above it. Likewise 


lb 
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the anhydride can be repleniahcd by removing only the upper stopper. The 
jar need not be washed oftener than once in 500 combustions. When Med 
with anhydride, fresh reagent need not be added for at least 150 combustions. 
After each combustion the jar should be given a few sharp taps with the hand 
to prevent canals being formed. 

Details of the Absorption Apparatus. The absorption apparatus, shown 
in detail in Fig. 16, has been modified slightly at the sug^ 
gestion of Heniy G. Martin, of the Railway Steel Spring 
Company, Chicago Heights, 111. This apparatus is no more 
eflicient than the old style, but it is much more convenient 
and less troublesome. In the old-style tube the anhydride 
would liquefy after seveml days and reciuire nsplenlshing. 
^’o overcome this, Mr. Martin suggested using separate chaui- 
bers for the anhydride and soda lime, so that conuuuuication 
could bo broken when the tube was standing idle. The tul)e 
shown, Fig. 16, is Fleming’s modification of Mr. Martin’s 
suggestion. When properly filled this tuI)o will serve for at 
least 70 combustions when opt!ratirjg on J .5 grams of sample 
containing 1.0.1% carbon. 

The anhydride in the upper chamber serves for at least 
300 combustions. Soda lime, placed in the lower tube in alt(;r- 

_ . nate layers (J in.) of the different meshes, has proven a very 

^Absoription"^^ converuent and desirable reagent. The 1 2-mesh soda lime for 

paratus. ' nitrogen can also be asetl with excellent results. If this is 
emplf>yed, part of it should bo ground to about 00-mcsh and 
alternate layers of fine and coarse used. 

It is exceedingly important that the tube be loaded with alternate laycTs 
of coarse and fine rejigent, for, if the I2-mcsh reagent is transfijrred directly 
from the bottle to the absorption tube, the latter will fail to bo eff«!ctivo for 
more than .10 combustions ami in some CJisns less. The rtwisonfor this is evident. 
I’he lower stopper is packed loosely with sisbestos, also the lower portion of t'lo 
soda Ihno chamber just above the stopper. lieginuing witli a hn'or of 
1 2-mesh soda lime, the entire chamber is filled with alternate laycsrs of fine and 
coarse reagent. The small diameter of the anhydride lihamber is ]>acked with 
asbestos and the remaining sjjace filled with phosi)horie anhydride. l'’in!illy, 
the upiier stopper is packed with asbestos. The anhydride chamber, filhni as 
indicated, will n<it retjuire refilling for at least 3(X) combustions. It is not 
necessary to turn the chamber to break commimication while the tubes are 
i<lle, for the packing of the small diameter with asbestos prevents the absorption 
of moisture from the soda lime. The tubes must be u.sod in psiirs, so that one 
serv'es as. a taro in weighing the other. A pair of tubes assunw the operator 
of at least l-jO combustions. A glass or rubber tubing aboul 12 ins. long serves 
n.s a guard for the absorption tube. It connects the bottle, P,, which is used 
to indicate flow of gas. 

The use of clay boats lias been abandomHl in favor of nickel boats filled with 
alundum. These are greatly superior to clay boats in every conceivable way. 
The alundum is labeled ns being free from carbon, butt'uis is not true. In fact, 
some of it c<intains considerable carbon. It should alwa 3 's bo biirned in oxygen 
at 1000° before using. The boats are formed out of 22-gaugc pure sluHst nickel. 
One boat will serve for about 100 to 150 combustions, some more, some less. 
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Details of the Analysis. The furnace being at 1000*’, the two freshly 
prepared absorption tubes are placed in the train and oxygen run through at 
the rate of 300 cc. per minute fur fifteen minutes. This insures the displace- 
ment of all air from the purifying train as well as the absorption tubes. Remove 
one absorption tube from the train and turn on the oxygen until the mercury 
stands at about 2 ins. The rate of current is then measured by inverting a 
graduated cylinder filled with water. Several trials will establish a rate of 
about 325 cc. per minute. Note the reading of the column of mercuiy at this 
rate and subsequently, when using the same absorption tube, maintain this 
same pressure in the train and the rate of flow will be 325 cc., the rate during all 
combustions. Shut off the oxygen and, when it comes to a slow bubbling 
through Pi, close the upper stopper of the absorption tube. Disconnect it from 
the train, but do not close tlie lower stopper for about five seconds after dis- 
connection. Weigh against its mate as a tare. It is now ready for the first 
combustion. 

Weigh 1.5 grams of drillings, preferably thin, curly drillings from a twist 
drill, and si)rea(l out in the nickel boat which is half filletl with alundum. Place 
the al)sorplion tul)n in the train and place its mate beside it. With the oxygen 
flowing about lOU cc. per ininule, the tlrillings are pushed into tlic combustion 
tube. I'lie current is immediately run up to the desired pressure, which gives 
32.") cc. IMS* inimite. Tiio regulatf)r will do the rest. It will fee<l the oxygen 
automatically to tlie burning steel. As a rule the drillings are entirely burned 
one and tnie-half minutes after insertion. Continue the flow of oxygen foi 
three and one-half minutes more (five minutes, total time) and disconnect 
.as before the absorption tube. Weigh immediately. The result will bo accurate 
and reliable. Whether determining carbon in a standard steel, where the 
greatest accuracj' is required, or in a bath test, the time rlsquired is always 
fiv'e minutes. 

I'lie weight of the boat, plus rcfr.actory lining, should be kept as low as 
possible, so as not to introduce too much cold material into the combustion 
tube. The bofits used in this laboratory are 3 in. wide, \ in. deep an<l .3 ins. long. 
Sheet nickel varies in percentage of carbon. As a rule, a nickel boat must be 
ignibid in oxygen at 10(K)° for one to two hours. 

T'here s<!ems to bo a difference of opinion concerning the physical condition 
of the steel after burning, some chemists believing that inaccurate results are 
obtained if the drillings have fused during combustion. Others maintain that 
complete fusion of the <lrillings is es.sential to accurate result. If drillings 
which hai)i)(;n to bo a little thick are used, low results are obtained unless these 
are jxsrfecthj fused. 

Graphitic Carbon 

In Iron and Steel. The sample of 1 gram of pig iron or 10 grams of 
steel is treated with 15 cc. of nitric acid (sp.gr. 1.2), per griim of sample taken. 
VV’iien all the iron h.os dissolved, the graphite is allowed to settle and the super- 
natiint liquid decantcHl onto an ignited asbestos filter, using either a perfonated 
boat, Fig. 17 , or a filtering tube. The residue is transferred to the filter, 
and washed thoroughly with hot water. It is treated with hot caustic 
.solution (sp.gr., 1.1), washed thoroughly again with hot water, then with a 
little dilute hydrochloric acid, and finally with hot water. The carbon is 
now burned by one of the procedures given — the oxidation in the combustion 
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furnace being recommended. The COa is absorbed in <-austic aiul estimated 
according to the standard procedure given for carbon. 



Fia. 17. — Boat and Holder 
fur Carbon Determina- 
tion. 


CXbXO.2727 =grapliitic carbon. 

Th(i perforated I)oat, shown in tiic cut, fits snugly 
into the rccepticlc below. Sufficient asbestos is [wureti 
into the boat to ft)rm a film over the bottom. A seal 
is made around the boat with additional asbestos, the 
apparatus having been inserted in a rubber stopper 
in the neck of a suction flask and suction applied. 

The aiiparatus is reconunende*! by Blair for com- 
bustion of graphitic carbon or of total carbtm liberated 
from iron or steel by the cupric potassium chloride 
method. The boat may be placed directly in the 
combustion tulM3 and the carbon oxidized as usual. 


The Shimer Combustion Apparatus ^ 

The apparatus, designed for the rapid determination of iron and steel, is 
in general applicable to the same class of chemical operations as is the com- 
bustion tube of platinum, silica, or porcelain. It 
offers the advantage of neatness, reduction in the 
number of parts to be handled, diminished con- 
sumption of gas, and increased ease of manipula- 
tion. The simplified form, shown in the cut. Fig. 

18, enables the use of the standard fonn of plati- 
num crucible. A, with its inner wall ground to fit a 
tapered nickel, water-jacketed stopper, B. The rub- 
ber jacket of the original type is eliminated and a 
detachable nickel reinforcing ring, C, at the top of 
the crucible serves the double purpose of eoiupleting 
the security of the seal and as a support for the 
apparatus. 

Water is circulated through the stopper through Fm. iS.—Shimer Combustion 
the tubes c and d. The current of oxygen passes A]>paratus, Simplified Form, 
through a into the crucible, oxidizing the material 

within the crucible, which is h(*att!d to rcil heat with a burner placed Ijelow it. 
The carbon dioxide formed passes tlirough b to the absorption train. The 
remainder of the apparatus for the determination is the same as is used with 
Uie combustion tube. An asbestos shield protects the upper portion of the 
outfit, the crucible fitting snugly in a hole in the asbestos board. 




Combined Carbon 

Indirect Method. The exces.s of carbon remaining when the graphitic 
carbon is subtracted from total carbon (in iron and steel), is calculated as com- 
bined carbon. This difference method is generally accepted as being the most 
accurate for estimation of combined carbon. 


' Courtesy of Baker Platinum Works. 
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Notes. In chromium, tiin^ten and titanium steels a temperature of 1500® C. 
is necessary to oxidize the carbon by direct combustion for thirty minutes. (J. R. 
Cain and II. K. Cleaves, J. Wash. Acad. Sci., 194, 4, 393-397.) 

Carbon in Soils. One to 3 grams of OO-mesh sample is treated with a solu- 
tion of 3.3 grains CrOs+10 cc. fl 20 and 50 cc. cone. H 2 SO 4 (1.S4). The evolved 
(X )2 is absorbed in standard caustic and titrated with acid,])henolphthaloin and methyl 
orange being used as indicators. (J. Ind. Eng. Chem., 1914, C, 843-'846.) 

DETERMINATION OF CARBON IN ORGANIC SUBSTANCES 

Combustion of Organic Substances Free of Nitrogen, Halogens, 

Sulphur, and the Metals 

The following modification of the procedure described for determination 
of carbon in iron and steel is applicable to the determination of carbon in organic 
substances free from the substances mentioned above. 

Apparatus. This is practically the same as that shown in Fig. 19, with the 
exceptions that copper plugs may be used to advantage in place of the plati- 
num plugs. In the absorption end of the train a calcium chloride tube is 
preferred. The calcium chloride should have been saturated with diy CO« 
gas, the excess of which has been removed by a current of pure air. This tube 

Copper 

Platinum Boat.^ Platinum Oxide /Platinum 



Fig. 19 .— 'Diagrammatic Sketch of Combustion Tube. 


is weighed as well sis the potash bulb, the calcium chloride retaining the water 
formed by the combustion of the hydnigen of the organic substance, which 
is thus detennined. 

The organic substance, if a solid, is introduced into the combustion boat 
directly; if it is a licjuid, it is held in a bulb blown in a capillary tube. One 
end of the tube is sealed and a bulb blown. Wlien cool, the tulie is weighed, and 
the material then introduced by first warming the bulb and then inserting the 
open end of the tul)e into the liquid to be examined. By cooling the bulb, liquid 
is drawn into the tul)e. The end is wiped off, and the liquid expelled from 
the capillary by gently heating this portion. The end is now sealed if the 
liquid is volatile, otherwise it is left open, and the tube is weighed. The 
increased weight is due to the organic substance. The tip of the capillary is 
now bmken, if sealing was necessary, by means of a file. The tube containing 
the sample is placed in the boat, the oiicn end of the capillary pointing toward 
the open end of the combustion tube. After connecting up the apparatus, 
the copper oxide end of the tube is heated to re<lness and oxygen slowly passed 
through the tube at such a rate that the bubbles in the potash bulb can be 
readily counted. The entire tube is luiw heated and remaining operation is 
the same as has been described for iron and steel combustion. 

The gain of weight of the calcium chloride tube is due to water formed by 
the combustion of hydrogen of the compound, that of the potash bulb to the 
carbon. 

11,0X0.1121=11, 

002X0.2727 =C. 
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Note. Tho oxygon ga.s should bo froo fn>m hydrogon. A ])reho;ifor, jilaood 
beforo the mirifying tid)C.s of tho triiiii, fjiiis<!s fho oombustion of tho hy<Irogoii sirid 
the absorption of the water foriiioJ before tho gas enters tlie eombiistioii tulie. 

Determination of Carbon and Hydrogen in Nitrogenous 

Substances 

A modification of the first procedure descriliod for dotoriuiuatioiis of carlioii 
and hydrogen in organic sulistances must be maile, sinc’c from sulistanees 
containing nitrogen, nitroso and nitro eoiupoiinds, oxiiies of nitrogen are forme 1 
wiiich would 1)0 absorbed in the calcium chloride and potash bullis, giving liig'i 
results for hj'drogon and carbon. To overcome this (lifliculty, a copper spiral, 
that has been reducetl (See note below) is )>laced in the front end of the 
oombustiou tube (to the right in Fig. 19) to reduce the oxides of nitrogen to 
nitrogen. 

Note. Reduction of copper .spiral may be accuinplislutd .as follows: 'I'hc coi)j)cr 
spiral is i)rei)urcd by rolling together a pie<*e of copper gaii/.e .about 10 centimeters 
wide, making it as large as will convenimitly ]>a.ss into the combustion tube. The 
s]>iral is heated till it glows by holding if in a large gas flame, and while still 
hot it is drojiiied into a tost-tidie containing I or 2 <•(•. of methyl alcohol or ether. 
'Phis cjuieklv boils away, igniting at the eiitl of tho tube*. 'I'he «*opj)er is completely 
nahieod to bright metallic copj)er. The spiral is taken out with a pair of crucible 
tongs and drieil by <pii<*kly pa.ssing it through a flame a fmv tiirw's, and while it is 
still warm it is introduced into the front of the eomhiistion tuliu.^ 

Tho substance is introihieed into the tube and th(‘ eomu'ctions made. Tin* 
copper oxiile spiral, that was pusheil after the boat, is heati'd, and tlimi tin' 
redueeil spiral (right end of tulie). The oxide lU'ar the boat, and finally 
the entire tube is hi'nlcsl to a red heat. Whim the bubbles cease to sliow in 
the potash bulb, the stoiicoek is o]>ened to tho oxygen-purifying train and a 
slow flow of oxygen turneil on, tlio gas allowed to jiass througli tlie tube until 
it ean be detected with a glowing splinter at tho exit of the absorption end of 
the aiiparatus. 

If the substance is difficult to burn, it is mixed with freshly ignited (cold) 
copper oxide, which assists eombu.stion. 

Tho remainder of the ojieration is the same as has licen described. 


Organic Substances Containing Halogens 

The procedure is the same as that described for nitrogenous substances 
with the exception that a silver spiral is used in jjlaee of the reduced copper 
spiral. The heating of this spiral* should be between ISO and 200'’ f’. (not 
over 200*’). 

Organic Substances Containing Sulphur 

These are best ignited with sodium peroxide and the carbonate formed is 
determined by the procedure given for carbon dioxide in carbonates. 

The Wet Combustion Process for Determination of Carbon 

The method depends upon the oxidation of carbon to carbon dioxide when 
the powdered material is digested with a mixture of concentrated sulpimric 
acid and chromic acid, or potassium dichromate, or permanganate. The pro- 
*• Treadwell and Hall, "Quantitative Analysis.” John Wiley & Sons. 
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refluro is applicable to oxidation of free carbon, carbon combined in organic 
substances and in certain instances to carbon combineil with metals, whore 
the substance may bo «lec()iup()sed by the action of the acids. ‘ It is of value 
it» determination of carboiuites in prescnico of sulpliitle.s, sulphites, thiosulphates 
and nitrites, which wouhl vitiate results were they not oxidiml to more stable 
forms, from ptissing into the potash bulb with the carbon dioxide. 

Apparatus. Tlio apparatus is identical with that used for determining 
carbon dioxide; in carbotuitos. Fig. 20, with the o.\cej)tion that in place of the 
acid bulb iioare.st the; decomposition flask two Inilbs an; placed. The first of 
these contains a strong solution of chromic and sulphuric acids, the second 
is filled with glass beads moistonod with chromic acid solution. Followdng this 
is tin; drjdtig bulb containing concentrated sulphuric acid and finally the 
absorption apparatus, jvs shown in the illustration. 

Procedure. 0.2 to 1 gram of the i)owden.;tl material, fine drillings, free 
carbon, or organic substaia;;; Ls |)la<;ed in the decomposition flask. If the 
mat(;rial is apt to pack it is ;idvi.sabie to mix with it pure ignited soii-sand to 
])revcnt this. Five to 10 grams of granular jiotassium dichromate are added 
and th(; apparatus s\vei)t frexj of carbon dioxide by passing purified air through 
if. before attaching the absorplion appsiratus. The potash bulb is now weighed, 
using a counterbalance bulb and following the precautions given in the »lry- 
combtisfion method. The bulb is .attached to the train. 

Oxidation, ('oncentratcjd sulphuric; acid pla('<;d in the acid funnel, attached 
to the decomposition flask, is allow'od to flow down on the; sample; until the 
funnel is almost ejufity; the stop-co(;k is th«*n closed. A flame is placed under 
the; fla.sk, when the vigorous action has ceased, and the material g<;ntly heated 
until flu; maclion is complete and the organic mutter or eurboii completely 
oxidized. 

d’he apparat us is now .swei>t free of r<*sidual CO-., by applyitig suction, the gas 
being coni])lt;t(;ly absorbed by the potash, o:’ the soda lime reagent. 

d’he increji.so of weight of the* ab.sorption bulb is duo to carbon dio.xide. 

(’(bX0.2727=(h 

Notk. 'I'lic following .additional ])iirificrs arc frequently advisable: («) an absorp- 
tion bulb containing silver sulphate to ab.sorb chlorine ami vanors fro n sulohur 
compounds: (h) a cai)illary tube of silica or ]iiatinum heated to a <lull re<lne.ss to o\idi/.e 
any hytlrocarbons, carbon inonoxide, (;tc., that may be evolved and imijcrfectly oxidized 
l)y the chromic acid. 

DETERMINATION OF CARBON DIOXIDE IN CARBONATES 

The method is applicable for determination of carbon dioxide in limestone, 
dolomite, magnesite, strontianite, witherite, spatic imn ore, carbonates of sodium, 
and pottussium, biearboiiiitcs in baking powder, carbon in materials readily 
oxidized to CO* chromic sulphuric acid mixture. The procedure depends upon 
the evolution of carbon dioxide by a leas volatile acid, or the oxidation of carbon. 
The CO* is absorbed in caustic and weighed. 

Apparatus. The illustration shows the apparatus found suitable for this 
determination. It Is Knorr’s apparatus slightly modified. The absorption 
bulb or bottle should be one that will effectively absorb carbon dioxide entering 

^ Not applicable for determining carbon in ferro-silicon, ferro-efarome or tungsten 
steel. 
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at a rapid rate. The Vanicr or tlie I'MemiiiK forms is satisfactory for this 
purpose. * 

Procedure. A sample weighing 0.5 to 2 grams, according to the carbon 
dioxide content, is placed in the dry de(H)mpositiou flask {C). 'I’lic flask is 
closed by in.s(!rting tlie funnel tube {li) fitted with the soda lime tube (A), and 
connected by means of a comhmser to the train for removing impurities from 
carbon dioxide, leading to the absorption bulb, as shown in Fig. 20. 



The apparatus is swept out with a current of dry, purified air I.efore attaching 
the weighed absorptiem bottle. This is accomi)lished by ai)j)lving gentle suction 
at the end of the purifying train. The absorption apparatus is now attached 
(Heming absorption apparatus is shown in the illustration). The tube (J3) 
is nearly filled with dilute sulphuric acid (1 : 3), the stop-cock (B') being closed. 
The 80 ^ lime tube is now ins<!rted into place as shown in tlie cut. The acid 
in (J5) is now allowed to run slowly down on the .sample at a rate that evolves 
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gas not too rapidly to be absorl)od; 1 to 2 cc. of acid being retained in (/f) to 
jict as a seal, the stop-cock (/i') being then closed. 

When the violent action lias ceased, the solution in (C) is heated to boiling 
and boiled for about three minutes. If the sample is baking powder, or con- 
tains organic matter, the decomposition llask is protecfted from excc.ssive heat by 
placing a casserole of hot water under it. This prevents charring of the starch 
or organic matter, which would bo apt to occur if the direct (lame was used. 
Gentle sucti«m is now applied to the ab.sorption end of the apparatus and the 
stop-cock {B') opened, allowing the nsmainder of the acid to How into the flask (C) 
and ndmit(/ing a curnuit of air, lJuriflcHl by passing through the soda lime in 
(A). The su<-tion should be gentle at first, and then the speed of the flow 
increased to the full cajmeity of the absor])tion bottle. A fairly nipid current 
is preferred to the ol<l-tinie j)rocodure of bubbling the gas through the apparatus 
at a snail-like ])ace, but discr<'ti(in should be used in avoiding a too raj)id flow. 

In t he analysis of baking ])owd(!rs, where foaming is apt to occur, the decom- 
position flask .should be of .sulficient capacity to prevent fi>aming over. A small 
fla.sk is generally to be preferred for obvious reasons. By gently heating to 
boiling (hiring the ])assagc of the air, steam assists in cxjielling any residual 
(M)j in the flask. When the jias-sage of air is raiiid, this boiling should be dis- 
continued. 

The increase of weight of the ab.sorption bottle is due to the carbon dioxide 
of the samiilc. This proccshire gives total CO*. 

Determination of Carbon Dioxide by Measuring the Qas 

Fairly accuratij nssults may be obtained by meiusuring the gas evolved. A 
large cylindrical tube having a capacity of about 1100 cc. is used. The tube 
is graduated from 1000 cc. to 0 at the upper iiortion of the crylindor; a space of 
about 1(K) cc. remains at the upiier portion. A tube extending from a little 
above the 0 graduation to the liottom of the c 3 dindcr carries out the water as 
the gas is admitted. 

To make the run, the c.ylinder is filled to the mark 0 with saturated salt 
solution.* It is now connected to a condtaLscr.* Twenty-five cc. of saturated 
salt solution are admitted to the dcicomposition flask, and the gimerated gas 
mtaisured by the water disiilaraanent in the tube described. Calculations are 
made after reduction to standard (;onditions. .^.l cc. (X)* at 0° C. and 760 
mm. weigh 0.01 gram. 


Residual Carbon Dioxide 

This is the CO* remaining after baking powder has bean treated with water 
and the evolved CO* expelled by warming. 

The procedure recommended by the U. S. Department of Agriculture is as 
follows :* 

* H. W. Bnibacker, Jour. Ind. Eng. Chem., 1915, 7, 432. 

*The nitrometer may be used in i>hu;c of the cylinder and atmospheric condi* 
tions obtained as usual. Formula for reduction to 700 millimeters and 0° C.: 

y> — Y - - 

760(1 -H .003670' 

■Bureau of Chem. Bulletin No. 107. 
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Weigh 2 grams ef baking iM>w<l<;r into a flask suitable for the subse<iucnt 
dctennination of earbonie aeid, add 20 ee. of eold water, and all«)w to stand 
twenty minutes, J’laeo tl>e flask in a jnetal drying cell surrouiuled by boiling 
water and heat, with occasional shaking, for twenty minutes. 

To complete! the naiction and drive off the last tra<*i*s of gas from tlu! semi- 
solid mass, heat ejuiekly to boiling anti boil for one minute. Aspirate until the 
air in the flask is thoroughly changed, and determine the residual carbon dio.vide 
by absorption, as described under totid carbonic acid. 

The process described, based on the methods of Metlill and f’atlin, imitate, 
as far as practicable, the conditions encountered in baking, but in such a manner 
that concordant ’results may be reatlily obtained on the siune sample, and tiom- 
parai)le results on dilTerent samples. 

Available Carbon Dioxide 

The residual is subtnicted from the total, and tlu! «lilTorenc(! takcMi jis avail- 
able COj. 

Determination of Carbon Dioxide by Loss of Weight 

An approximate estimation of the carbon dioxhle in (airbonates baking 
powders, bicarbonate of soda, limestone, etc.., may be obtained by the loss of 
weight of the materijil when treated with a known weight of acid. 



Various forms of apparatus an! used for this determin.ation. The Schroetter 
and Mohr types are shown, Tigs. 21 and 22. 

About 0.5 to 1 .0 gram of sample is taken and placed in the bottom of the 
flask, dilute hydrochloric ami strong sulphuric acids then jdaced in the bulbs 
as indicated in the illustrations. The apparatus is weighed as it is thus charged. 
The hydrochloric acid is now allowed to flow down on the carbonate and the 
stopper closed. The evoh'cd gas passes through the strong sulphuric acid, 
which absorbs the moisture. After the vigorous action has subsided the appa- 
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ratus is ]>IacccI over a low flame and tlie solution licatcd to boilini? and boiled 
ver>' g(inf,ly for about threes ininutos. (Xts-froe air is aspiratetl through the 
solution to exjsel the last traces of (X)*, by ajjplying gentle suction at o and 
opesning b, the air being puritied Isy passing through soda lime. The n])parntus 
is again weighed and the loss of weight taken as the CO* of the material. 

Available CO* in baking powder may be determined by substituting Avater 
in place of hydrochlorie acid. 

VOLUMETRIC METHODS FOR THE DETERMINATION OF 

CARBON 

Total Carbon. Absorption of Carbon Dioxide in Barium Hydroxide 

f'lio carbon dioxide evohasd bj' oxidation of the material by dry cojubustion 
with oxygen or by o.xidation with chromic sulphuric; acid mixture is absorbcvl 
in barium h^'droxide, free from carbonate, and the precipitated barium car- 
bonate titrated Avith standard l^'drochloric acid. 

Procedure. 'Fhe essential difference in this method from those already 
dciscribed under thcj gravimcitric! inethcjds is in the fact that a perfectly clear 
saturated solution cd barium hj'droxide is usecl for absorption of the carbon 
dioxide in plac-e of caustic potash. Considerable care must be exercised to 
])reA’^ent contaminating the reagent with ciarbonate. The solution is drawn 
l)y suction thremgh a siphon, dipping beloAV the surface of the reagemt, into the 
ai>sorption tul>e, Avhich shoidd lie of such construc;tion that the matctrial may 
readily bo pourcHl out.. After absorption of the (X)* gas, the apparatus is' dis- 
conncM'tcwl and the cxcc'ss barium hyciroxide neutralized Avith dilute hydn)- 
chloric acid (1 : -4) using phenolphthalein indicator. A foAV dro]>s of methyl 
orange; am now added ancl a measumd exc<;ss of standard hydrochloric; ac-id 
run in from a biiretle. After heating to boiling the excess acid is titrated Avith 
standard caustic solution, 1 cc;. of Avhich is eciuiA'alent to 1 cc. of the hydrcj- 
chloric acid. 

TIClX0.i010=(J. 

1 cc. N/IO TfCl:c=0.()()22 gram CO*. 

Notk. The methcxl is uscal in <.ho Oin.aha laboratory of the TTnion Pacific Pail- 
road. Dr. N. F. TIarriman, C-hemist, informed the writer (W. W. Scott), that 

with care no difficulty is e.\pcric;ncod with contamination of the barium Iiydroxide 
ancl e\c.ollc;nt ri'sults are obtained. The Victor- Meyer bulb is used for holding the 
barium hydroxide. 


Determination of Carbon by Measurement of the 'Volume of Carbon Dioxide Evolved 
by Oxidation of Carbon, or by the Decomposition of Carbonates with Acid. 

Description of the Scheibler and Dietrich Process and that, of Lunge and March- 
lewski am given in Mellor’s Avork on “Inorganic Analysis,” pp. 1st Ed. 

A modification of Wiborg’s method is descrilied in lilair, “Chemical Analysis of Iron,” 
pp. 1-16-149, 7th Ed. 


Determination of Carbon Dioxide in a Gas Mixture. 

See Gas Analysis. 
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Direct Colorimetric Method for Determination of Combined 

Carbon 

Tho procccluro is of value to the steel laboratory where a largo number of 
daily determinations of combined carbon are ref(uire<l. By this method over a 
hundred determinations a day may be made i>y an experienced manipulator. 
The metlKul d<!pends upon tlio color jiroduced by combined carbon dissolved 
in nitric acid, the depth of color incresusing with the combined carbon content 
of the material. Comparison is made with a standard sample of iron or steel, 
which is of the same kind and in the same physi(!al condition as the material 
tested.* That is to say, a Bessemer steel should be (!onipared with a Bessemer 
standard, open hearth with open hearth, crucible sl-eel with (rruciblc sbicl, the 
standards containing approximately tho same amounts of carbf)n, and as ncsarly 
as possible the same chcfiiical composition. The samples shoidd be tsikcn 
from the original bar which has not been reheated, hamimired, or rolled. Copper, 




Kkj. 23. Fio. 21. 

Hot W'atcr Backs for Test Tul) 0 .s. Color Carbon l^ctcrmination. 

cobalt, and chromium will interfere with the test; the other elements have very 
little effect. 

Procedure. One standard sample of 0.2 gram and the same amount of 
sample drillings are taken for analysis. The weighings are conveniently ma<le 
in brass or aluminum pans, boat-shaped to enable the drillings to be dumped 
into test-tubes. A counterpoise, weighing the same as tho boat, is placed on 
the opi>osite pian, together with tho 0.2 gram weight. A magnetized knife will 
a.ssist in removitig tho cxce.ss of mat(M'ial. The weighed sample is brushed into 
a test-tube 0 ins. long (l.'SO mm.) § in. (IB mm.) in diameter. (lOach te.st-tube 
has a label no;ir tho open end to distinguish tho .sample.) A rack or a 600-cc. 
beaker may bo employed for holding tho test-tubes during the weighing. After 
the batch is ready the tubes are transferrcil to a perforated rack (Figs. 23 or 24) 
and this then stood in the water bath filled with cold water. 

The proper amount of nitric acid (sp.gr. 1.2; e.g., 1 cone. UNO* : 1 H*0), 
from a burette, is now added to each test-tul)e. 

3 cc. HNO* for C. 6 cc. UNO, for O.S to 1% C. 

4 cc. HNO, for 0.3 to 0..5%. 7 cc. UNO, for over 1% C. steeU. 

6 cc. UNO* for 0.5 to 0.8% C. 

* Blair, “The Chemical Analsrsis of Iron.” 
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The depth of color produced by the acid will give an idea of the amount 
required. ^ One cc.^of acid is added at a time until the depth of ct^lor is correct, 
lliis requires experience gained from observation of the ciolor produced by standard 
samples. Ihc acid is added slowly to the coarse drillings. Insufficient acid 
gives a darker tinted solution than it proiierly should bo. The nitric acai should 
be free from chlorine and hydrochloric acid, since these produce a yellow color. 
(Cl and FeCHs are yellow.) 

A glass bulb or a small funnel is placed in each test-tube and the water in 
the bath then heated to boiling and boiled until all the carbonaccjous matter 
has dissolved, the tubes being sliakcjn from time to tinie to prevemt formation 
of a film of oxide. Low-carbon steels reciuire about twenty minutes, whereas 
steels of over i% carbon reciuire about forty-five minutes. (Blair.) As soon 
as the bubbles cciase and th(‘ brownish flo<*culent matter disapi)ears, the rack 
is removed from the bath ami i>laced in a <!ass(;role of cold water. (Prolonged 
heating and strong light each causes fading of the color due to combined carbon.) 



Color Comparison. This is made in graduated, clear, colorless, glass cyl- 
inders called carbon tubes. The form shown in Fig. 25 was found by the 
writer * to bo the most satisfactory typo for a steel-works laboratory where rapidity 
of manipulation was essential. The bend at the upper portion of the tube 
facilitates mixing of the solution upon dilution with water, the tube being tilted 
back and forth until the solution is homogeneous, the bend preventing the 
licluid from spilling. The <lilution should be at least twice that of the amount 
of nitric acid used, as this amount of water is necessary to destroy the color 
due to ferric nitrate. 

The standard is poured into the carbon tube and the rinsings from the test- 
tube added. The solutif)n is diluted to a convenient multiple in cc. of the 
carbon content. For example, 0.4rj% carbon sample may l>e diluted to 9 cc., 
then each cc. will represent 0.0.')';^ carbon. The sample is placed in a second 
tube of exactly the same diameter, wall thickness, and form. If the solution 
of the sample is darker than the standard, water is added little by little, 


» W. W. Scott. 
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followed by mixing, until the shade matches the standard. If the standard, 
on the other hand, is darken tlian the sample, a greater dilution of the statulard 
is ncccssar>', the cc. again rc[)re.senting a multiple of tlie carl)on content. For 
e.xample dilution of the .45% carbon sample to 15 cc. msikc.s each cc. to repre- 
sent 0.03 carbon. (It is fniqucintly advisable to take a standaril of lower carl)on 
content in place of greater dilution of the standard.) 

Example. Supiwise in the first case the dilution of the sample was 15 cc. 
in onler to match the standard, then 15X0.05=0.75% carbon. tii.K c(!. dilution 
case 2 =6X0.0.3=0.18% carbon. 

The color comparLson can be be.st made in a “camera,’' a long box with one 
end closed by a ground-gla.ss .screen, Fig. 26. Parallel to the screen and near 
it, two holes through the top of the box admit the bist-tubes. The inner walls 
of the camera are bla<;kened to i>revent reflection of light. If a camera is not 
available, the tubes may be held side by side and compared against a sheet 
of white paper held us a background. 

ANALYSIS OF GRAPHITE 
Determination of Carbon 

The procedure for dctc‘nnining carbon in graphite is the same a.s that de- 
scribed for determination of <‘arbon in difficultly coinimstihle organic substances. 

The material is brok(!n down in a sttiol mortar and powdered in an agate 
mortar. ,-\bout 0.2 gram is taketi for the determination and mi.\ed with copper 
oxide to assist the combustion, then ]>laccd in the boat and the combustion 
of (he carbon carried on according to the standard method in the combustion 
tube. 

CXb X 0.2727 =C. 

VOLUMETRIC DETERMINATION OF HYDROCYANIC ACID' 

The method dejicnds upon the decolorization of the blue animoniacal solu- 
tions of cupric salts by a soluble cyaiude, the reduction to cuprous condition 
being available for an accurate (piantitative estimation of the cyanide. 

Standard Copper Sulphate. 'Pwenty-five grams of copper sulphate, 
CuSO^ -51120 are dissolved in a 1000-cc. flask with 500 cc. of distilled water and 
anunonium hydroxide ad<led until the precipibite that first forms dissolv'es and 
a deep blue solution is obtained. \\'ater is now aiUled to make the volume exactly 
1000 cc. The cupric solution is standardized by running <‘i i)orlion into a solu- 
tion containing 0.5 gram pure potassium cyanide, Kt’N, per 100 cc. of water 
and 5 cc. <if ammonium hj'dro.xide until a faint blue color is evddent. Chlorides 
do n«)t uiterfere. 

Procedure. 0.5 gram of the soluble cy.anide is dissolved in 100 cc. of water 
and 5 cc. strong ammonium hydro.xule addt'd. The standard cupric sulphate 
solution is now .'idd<Ml until the blue color is obtained. The cc. reciuired mul- 
tiplied by the factor of the copper sidt in terms of the salt sought gives the 
weight of that salt in the sample. 

Notk. lost for (Jyatiide. 'Phis depends upon the solvent .action of IICN upon 
freshly precipitated Hgd in presence of IvOII. 'Phe filtrate is tested for mercury 
in an acid solution by addition of H28. (Hood.) 

> J. McDowell, C. N., 1904, p. 221. 
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Liebig's Method for Determination of Hydrocyanic Acid* Soluble 

Cyanides ^ 

Silver nitrate reacts with an alkali cyanide in neutral or alkaline solution as 
follows: AsNOsH-2KCN =Ak(CN)»K+KN 03 . The ]K)tussiuin silver cyanide is 
soluble, hence the precipitate! that first forms immediately dissolves on stirring 
as long as the cyanide is present in excess or in sufficient (luantity to react 
according to the eciuation. A drop of tlie silver salt in exetess will produce 
a permanent turbidity, owing to the following reaction: 

Ag(( 'N).iK-l-AgX<).i = 2 AgCN-f-KX 03 , tlie insoluble AgCX being formed. 

Procedure, 'fhe alkali cyanidei contained in a lieaker placed over a sheet 
of black glazed pajier, is treated witli 4 to 5 cc, of lOVo KOI! solution and 
dilutiid to 100 cc. Tlie liquid is now titrabid with standard silver nitrate, with 
constant stirring, until a faint ixirmanent turbidity is obtained. 

One cc. X/10 AgX Os =0.001:1022 gram KCX, 

For his review anti criticism of this chapter tlie author wi.slies to mention Mr. J. M. 
Cratty, Chief Chemist, U. S. Xavy Yards, Philadelphia, Pa. 

^Ann. d. Chem. und Pharin., 77, p. 102. 
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DETECTION 

Tho siunpU'-s having 1)0011 brought into .solution by one of tho mcthotls 
detailed under proparal ion and solution of the sain]>lo, the elements may bo 
detected by one of the following tests: 

Spectroscopic. Many of the rare earth’s elements have cither character- 
istic spark six'ctrums or absorption .siM>ctrums and their presence may be detected 


by this means. 
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Ceiiuni shows Jine.s of /greatest intensity in tho arc spexstrum at 4337.9, 
4.527.5, 4;mi), 4.5{n.l. Ill the spark siiectruin at 4400.2, 4562..'}, 4.572.4, 4.594.1, 
4628.3. All of these lines are in the visible siiectrum. 

* llescvinth C^icniist, New York (Jity. 
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In the wet way cerium may be detected when in the form of cerium nitrate 
by boiling with lead peroxide and nitric acid. A deep yellow color is imparted 
to the solution, due to the formation of ceric nitrate. 

Cerium may be detected by the addition of sodium hypochlorite to the solu- 
tion of a colorless cerous salt. Red ceric hydroxide is precipitated. The test 
may be confinned by the chlorine gas cvolvetl when the precipitate is dissolved in 
hydrochloric acid. 

Cerous salts are precipitated by fixed alkalies and are insoluble in excess. 
T'artsiric acid hinders the precipitation. Ammonium sulphide also prccii)itatcs 
the hydroxide. Oxalic acid precipitates cerous oxalate, white, from nuKlerately 
acid solutions. It is soluble in hot ammonium oxalate but pixicipitated by 
dilution with cold water. 

T.an thanunri may be detected by adding iodine to the wa.slicd precipitate, 
formed by the addition of ammonium hydroxhle to a soluthux of its salts. A 
characteristic blue colorsxtion results. 

Praseodymium, neodymium, may Imj detected by the reddish color of their 
solutions also by the rose retl or violet color itni>arted to a bead of microcosmic 
salt when heated in the flame of a blow pipe. 

Scandium. The hydrochloric acid solution of a scandium stilt, when boiled 
for thirty minutes with solid NaaSiFI# gives a i)reci|)itatn which is free from all 
the other rare earths, the scandium taking the jxlace of the sodium in the com- 
ixound. 

Ytterbium may bo detected by adding to a neutral solution TlaSeOa-lIIgO. 
A white preeijMtato of Ybj(Se()3)3, which is insoluble, results. 

Erbium. In the flame test this earth gives an intense gr(^en light. 

ESTIMATION 

'Pho estimation of the rare earths is not required, other than C’erium, at 
the present time except in a few special instances as the various elements have 
found but limited commercial applications. Tiny hav(! all been separated 
from their native combinations, but only a few have been isolated and many are 
still believed to be combinati(»ns of elements. 

Ceriimi enters into the manufacture of \\'elsbach mantles; in the form of 
(’02(804)3 it is u.sed in the Tnamifa<;tvm! of aniline black; as oxalate, it is used in 
mctlicine, and as metal in alloys. 

Yttrium is emixloycd in the fabrication of Xemst Lamp filaments and gas 
mantles. 

The most important ores which contain the rare earth elements are: 


Monazite, ((’e. La, Di, Th)*P()4, 

raw ir.atrrial ffir 

Co, T.a. 

( hidoliiiite, Bc2FeY 2Si20i 0, 


4 ( 

Yt earths. 

Xenolime, Ytl’04, 

< t 

4 4 

Yt “ 

Euxenite, R"'(Xb(),)3 • R2'"(Ti(),), • .S/ 2 IT»(), 

it 

t t 

Yt “ 

Cerite, (C^a, Fe)((’eO)(t’c2.;iOH)(SiO,),, 

t i 

i t 

('e “ 

Samarskite, R3"H2"'(Nb, Ta)«02i, 

1 1 

4 4 

Yt “ 

Yttrotantalitc, R^lL'^CNb, Ta)40i»-4H2(), 

1 1 

1 1 

Yt “ 

kSipylite, complex, 

1 1 

4 ( 

Yt “ 

Keilhauite, complex silicate, 

t f 

{ ( 

Yt “ 


In the formulas given above R" stands for any dibasic radical or element 
while R"' stands for any tribasic radical or element. 
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Preparation and Solution of the Sample 

1. Fusion Method. The finely pulverized sample is fused with sodium 
carlmnate and the melt after coolinf; is extracted with cold water. A sufficient 
quantity of hydn)chloric acitl to imiKirt an acid reaction is added. The solu- 
tion obtained is cvap()rated to dryiie.ss anil baked to dehydrate the silica, then 
treated with a little hydn)chloric acid and after dilution with water, filtered. 
Ammonia water is added to the solution in sliRlit excess and the solution allowed 
to stand until the precipitate has settled. It is then filtered off, washed with cold 
water and di.ssolvcil in hydrochloric acid. All of the rare earths are then present 
in the solution as chlorides. 

2. Acid Extraction. Decomposition of the finely pulverized sample may 
bo effected by mixitif; it with a sufficient quantity of sulphuric acid to make a 
paste and then lu'atiuf; the mass, slowly at first and then Rradually increasing 
the heat to didl redness when fumes of SOj appear. After cooling, the mass 
is extracted with cold water and the metals of the 1I,.S group removed in the usual 
way. The rare earths are then pre.sent in the solution as sulphates and may be 
sepamted by one of the methods detailed below. 

3. Acid lOxl ractioii. A strong mixture of nitric acid and hydrochloric acid 
may be used to effect the decomposition of some of the minerals. The solution 
after being eva|Miratcd to dryness and baked leavi's a residue which contains 
the mixed rare earths. The rare earths are dissolved in dilute hydrochloric acid. 
Any silica present is filtered off and the rare earths present in the clear solution 
may bo separated by one of the methiMls detailed below. 

4. Decomposition by Means of Hydi’ofluoric Acid.‘ Hamarskito and 
euxeuite in the finely powdered state arc moi,stened with their own weight of Wc)ter 
and twice a.s much fuming hydrofluoric acid. The attack takes place in a few 
seconds. When the violent action is over the solution is evaporated to dryness 
on the steam bath, taken up with water (30 to 40 cc. for a .')-gram sample) and 
the contents of the di.sh filtered and washed. The miner.d is then divided into 
two portions, the filtrate containing all the mot.allic acids, iron and manganese, 
the insoluble portion containing all the rare earfhs and uranic acid. 

The difficulty of attack ir.creases in proportion to the amount of tantalic 
acid pre.sent in tlio sample. The rare earth.s are then extracted from the incolublc 
{Mirtion by one of the methods previously mentioned. Fusion with sodium car- 
bonate is preferred. 


SEPARATIONS 

Separation of the rare earths from iron, aluminum and thorium > may 

be effected by adding sodium fluoride to the hydrochloric acid solution of the 
Iron Group which has been precipitated as hydroxide. The preeii)itatc, which 
consistsof the double fluorides of the rare earths and thorium, is washed thoroughly 
and evaporated with sulphuric acid on the s.and bath to decompose the fluorides. 
This process removes the alkaline earths as insoluble sulphates. The exce.ss acid 
is removed by fuming and the solution of the sulphates after diluting and wann- 
ing is treated with sodium thiosulphate in solution. Thorium thiosulphate is 
precipitated. In solution arc the sulphates of all the rare earths. Scandium 

* Prescott and .lohnson. 

•Itrowning’a “Introduction to the Rarer Elements.” 
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Ls also precipitated as thiosulphate if the solution in sulphuric is fumed too long 
and a neutral solution results. 

Calcium and manganese, which may also come down with an oxalate pre- 
cipitate of the rare earths, may bo separated from the earths of the 3d;trium group 
by i)rccipitation of the solution with oxalic acid, filtering off the precipitate, dis- 
solving it in nitric acid and evaporating to dryness to tlecomposo the manganese 
salts, hlxtracting with water leaves the manganese in the residue. Treat the 
filtrate with ammonia water. The yt.trium group precipitates as hydroxides 
and may be filtered from the cah'iuin, which remains in solution. 

C'erium, lanthanum, praseodymiu*»i, neodymiuin, europium and gado- 
linium may bo seiwoted from the otlur rare e.arths by adding a saturated solu- 
tion of potassium sulplmte to the sulph.atc or chloride solution of all of the 
rare earths, 'fhe above-mentioned elements form in.soluble double salts. 

Scandium may be stijiarated from 3rttrium by boiling a solution of the nitrati'S. 
A basic scaiulium nitrate is first precipitated. 

Yttrium Group. Harium carbonate forms no precipitate in the cold, hence 
the (‘l(‘ments comprising same may bo sc*parated from aluminum, iron, chromium, 
thorium, cerimu, lanthanum, pnus(‘odymium, and ncod>muum by this means. 

Yttrium Group. I'he precijiitation of the group as hydroxides is not affected 
by the presence of tartaric acid. Hence the members may be thus sc])aratcd 
from aluminum, glucinum, thorium, zirconium, and iron. 

Praseodymium, neodymium, lanthanum, and samarium may be separated 
from each other by the fractional precipitation of a dilute solution of the nitrates 
with a very dilute solution of ammonia water (I gram of NIH in .5()() cc.). The 
first jirecipitates are rich in samarium; the did.vmiums come down next and 
the lanthanum in the last portion.!. By a continual reiwtition nearly pure salts 
navy be obtained. 

Besidv's the separations mentioned above the group members may l>e freed 
from each other by various oth(;r methods, as for example: 

(1) fractional crystallization of the picrales. 

(2) Fractional crystallization of the double magnesium nitrates. 

(2) Fractional jirccipitation of the oxalates in a nitric acid solution, etc. 


GRAVIMETRIC ESTIMATIONS 

Owing to the fact that the (piantitative separation of the rare earths is only 
accomplished by the exiienditure of a vast amount of time and laljor and that 
the various elements with the exception of but few have found no commercial 
ajiidication, exact methods have not been worked out for tins various (luanti- 
tative as.says. 

Cerium, however, which is the most imiMirtant, may be iletenuineil as 
follows : 

The element having Inien brought into solution by tine of the m<>thotls detailed 
abovt; and separated from the base metals, silica and thorium may be isolated 
from the other rare earths by precipitatitm in a slightly acid s ilution w'ith oxalic 
acid. The precipitatt; is allovred to settle twenty-four hours, filtered, washed 
with water and ignited. The oxides am then dissolved in hydrochloric acid and 
precipitated as hydroxide by the addition of an excess of caustic potash. The 
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precipitate, suspended in solution, is subjected to the action of chlorine gas 
which is bubbled through in a steady stream. All of the rare earths except 
cerium are converted into the chlorides, while the latter remains as a reddish, 
gelatinous precipitate, ceric hydroxide— (Ce(OH) 4 ). This may be filtered off, 
washed, ignited and weighed as oxide (CeOj). 

Cerium may be determined in its salts by precipitation with oxalic acid, 
allowing to settle out, filtering, washing, and igniting to the oxide. 

VOLUMETRIC METHOD FOR THE DETERMINATION 

OF CERIUM 

Method of Franz Stolba.* The cerium having been separated from all 
of the other rare earths by some procedure, os, for example, that outlined above 
under (Iravimetric Detennination, may be precipitated as ceric oxalate. (Dis- 
st)lving the hydroxide in hydrochhiric acid and then prcciintating with oxalic 
acid.) The oxalate precipitate is filtered off, washed with water until free from 
hydnKihloric acid, and transferred to a beaker containing a small quantity of 
sulphuric acid and a sufficient quantity of water. The mixture is warmed to 
about 70" C. and titrated with a standard solution of IvMn 04 . During the 
process of titration the quantity of undissolved matter diminishes and the 
change of color at the end is V(‘ry distinct. The solution of KMnOi used is pre- 
viously standardized, using a known amount of pure ceric .sulphate and the .same 
quantities of water and sulphuric acid. 

Determination of Cerium in Welsbach Mantles. 
Colorimetric Method ^ 

Bum off the organic matt(!r and heat with about three times their own weight 
of JIjSOi (eonc.) on a sand bath. Allow to cool and pour into 20 cc. of wat.'r. 
In twenty-four hours the sulphates are completely dissolved and the solution 
after neutralizing the excess of acid w'ith ammonia water is precipitated with 
oxalic acid. The oxalates after settling out are filtered, washed, tninsferred to 
a i)orcelain casserole and digcisted with nitric acid, a little being added at a time 
until complete decomposition has taken place. Mvaporate to dryness to remove 
the excess acid. The nitrates of cerium and thorium are dissolved in water 
and made to volume. Aliquots are then taken and dilut(!d in compari.son tubes, 

1 cc. HjO* (Merck’s perhydrol) is atlded. On adding ammonia water Th(OIl) 
is colored orange in proportion to the amount of cerium present. In dilute 
solutions citric acid prevents the precipitation of the hydroxides and the color 
can be easily compared with standards containing known amounts. 

* Crooke’s “Solcc-t Mctliods of Analysis.” 

•• Method of K. Benz, Z. angew Chom., Ift, HOO, 1902. 
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RARE EARTH OXALATES 

Convert into the aulphatee by evaporating with sulphuric acid. Dissolve In water and add 
solid sodium sulphate in excess to the nearly neutral solution. 


(1) Precipitate: 

Th, Ce, La, Pr, Nd. Sa, Eu, Gd. etc., as double sodium sul- 
phates. 

Boil with an excess of sodium hydroxide, filter, wash with hot 
water and dissolve in nitric acid. ^ Treat the nitrates with 
an excess of sine oxide and potassium permanganate. 


(3) Precipitate: 


(3) Filtrate: 


CeOf and ThOfMnO* is pres- 
ent is removed by solution in 
hydrochloric acid and then 
precipitation of the Ce and Th 
as double sulphates with so- 
dium. 

Precipitate is boiled with an 
ex(‘ess of sodium hydroxide, 
washed vrith hot water and 
dissolved in nitric acid. Add 
ammonia and ammonium ox- 
alate and ammonium a«etat<*. 


Precipitate: 


Filtrate: 


Cerium oxalate. 
Treat with ex- 
ce.ss of sine oxide 
and solution of 
potassium per- 
manganate. Ce- 
rium oxide pre- 
cipitate.s. J)is- 
solve in hy tiro- 
chloric acid and 
precipitate rc- 
lio oxalate 
W'ith oxalic arid. 


Thorium 
oxalate is 
treated 
with ani- 
iiioiiia ill 
exee8.s, ig- 
nite. 

ThO*. 


Saturate the solution with 
sodium sulphate and wash 
the preeipitatc formed 
witli a solution of sodium 
sulphate. 


Precipitate: 

Boil w'ith excess 
of sodium hy- 
droxide, filter 
and wash with 
h o t water 
Dissolve in n 
knonen amount 
of nitric acid 
and add an 
I c t] u i V a I e n t 
a in o u II t of 
magnesium ni- 
trate in solu- 
tion. Kvapo 
rate the solu- 
tion until upon 
blowing on 
surface small 
crystals form. 
Spray water on 
surface and al- 
low to crystal- 
lize. 

Lftnthnnum 
crystallizi*s 1st, 
Praavotlj/nnum 
crystallizes 2d, 
S cotiumium 
crystallizes 3d 
Samarium 
erystallizes 4th 
Euro pi urn 
crystallizcsfith 
(iaftolttnum 
crystallizes Oth 
The crystalliza- 
tion is con- 
trolled by the 
juieetroscope. 
The greater 
II u m b e r of 
limes the 
earths arefrae- 
tionated the] 
purer the prc»d- 
uctwill be. 


Fil- 

trate; 

Combine 
with fil- 
trate 
No. 1. 


(1) Filtrate: 

As double sodium sulphates. Yt, Tb, 
Dy. Ho, Er, Tm, Yb. Sc. etc. 

Add oxalic acid in excess to precipitate 
the earths as oxalates. 


(2) Precipitate: 


As an excess of sulphuric 
acid and evaporate to form 
anhydrous sulphates of Yt, 
Tb, drousHulpliatesof Yt, 
Yb, Dy, llo, Er, Tm, He, 
Yb. etc. 

Dissolve in cold water and 
pour over an excess of 
barium broinate. Stir 
well and place on the hot 
water bath. When double 
decomposition is complete 
(when the liquid gives no 
further precipitate with 
barium broinate solution 
after diluting and boiling), 
the muss is filtered and 
evaporated to erystalliza- 
tion. 

Terbium crystallizes Ist, 
Dyspronium crystiillizes 
2(1, J/olmtum erysiallizeM 
;hl, Yttrium crystallizes 
4th, Erbium crystallizes 
ThuHum Tith, crystallizes 

nth 


The mother litpior is made 
neutral with aniinoniii and 
sat united w4th potiissiutii 


sulphate. 


PltEf'll'I- 

tate 

Scandium . 
Potassium 
Sulphate. 


Filth \te: 

Add ox.alie 
acid 

Ytterbium is 
l)n>(‘ipitat- 
ed as oxal- 
ate. 


(2) Fil- 
trate: 

Add to 
filtrate 
No. 3. 
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WiLFKKU W. Srorr and Wm. !■'. DoKKKi.iN’ciEK 

CU, 35.4G; D. (air), 2.401; m.p. -101.5“;* b.p. -;ia.G°C.; oxides, 

Wh CIO 2 , CljO;. 


DETECTION 

Free Chlorine. The yellow gas is rtHiogni/od by its characteristic odor. 
It liberates iodine from iodides; it bleaclios litmus, indigo, and many organic 
coloring substaiices. 

Chlorides. Silver Nitrate Test. In absence of bromides and iodides, 
which also form insoluble silver salts, silver nitrate precipitates from solutions 
containing chlorides white, curly, silver chloride, Ag(U (opalescent with traces), 
soluble in NH4OH (AgBr slowly soluble, Agl difficultly soluble), also soluble 
in concentrated ammonium carlmnate (AgBr is very slightly soluble; Agl is insob 
ublc). Silver chloride turns dark upon exposure to light. 

Free Hydrochloric Acid. Manganese Dioxide, Potassium Permanganate, 
and certain oxidizing agents liberate free chlorine gas when added to solutions 
containing free hydrochloric acid. The gas piissed into potassium iodide lib- 
erates free iodine, which pnKluccs a blue solution with starch. 

Concentrated Sulphuric Acid added to chlorides and heated liberates IICl 
gas, which produces a white fume in presence of ammonium hydroxide. 

Detection in Presence of Cyanate, Cyanide, Thiocyanate. An excess 
of silver nitrate is added to the solution, the precipitate filtered off and l)oiled 
with concentrated nitric acid to oxidize the cyanr)gen compounds and the white 
precipitate, silver chloride, subjected to the tests under chlorides to confinu 
the comiK>und. 

Detection in Presence of Bromide and Iodide. About 10 cc. of the 

solution is neutralized in a casserole with acetic acid, adding about 1 to 2 cc. 
in excess, and then diluting to about 6 volumes with water. About half a 
gram of jwtiissium persulphate, KiSaO,, is added and the solution heated. 
Iodine is libcratetl and may bo detected by shaking the solution with carbon 
disulphide, which Ls colored blue by this element. Iodine is expolkxl ])y boiling, 
the [K)tassium persulphate being repeatedly added until the s«)luti()n is colorless. 
Bromine is liberated by adding 2 or 3 cc. of dilute sulphuric acid and additional 
|)crsulphatc. A yellowish-red color is produced by this element, (’arbon 
disulpliide absorbs bromine, becoming ctilorcd yellowish red. lironiine is expello:! 
with additional jwrsulphato and by boiling. The volume of the solution should 
be kept to about (50 cc., distilled water being added to rcjilace tliat which is 
expelled by boiling. When bromine is driven out of the solution, the silver 
nitrate test for chlorides is made. A white, curdy jirecipitate, solul)le in 
ammonium hydroxide and reprecipitatod upon acidifying with nitrii; acid, is 
produced, if clilorides are present. 

^Ref. Cis. 35 (2<l E<1.), U. S. Bureau of Standards. 
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If Chlorates are Present. The hfilo^ens uro precipitated with silver nitrate, 
the precijiifate dissolved with zinc and sulphuric acid and the solution tniated 
as directed in the jweccdin}; jiarafrraph. 

Test for Hypochlorite. Potassium hypoclilorite, K('l(), sliaken with mer- 
cury foniis the yello\vish-r(;d compound IIk 2 ()C' 1 s,‘ which does not form with the 
oth(!r potassium salts of chlorine, i.e., K(’l, KClOa, Kf'lOg, K(1()4. 

JIypochlorit(!s decolorize indi);o, Imt do not decolorize potassium perman- 
{ranate solutions. If arscMiicnis acid is pre.sent, indigo is not decolorized until 
all of the arsenious acid has l>eeu oxidized to the arsenic form. 

Tests for Chlorite. Potassium fM'rmanfranate solution is dec'olorized hy 
chlorites. (The solution should he dilute.) 

A solution of indigo is decolorized, even in ])re.sencc of arsenious acid (dis- 
tinction from hypochlorites). 

Detection of Chlorate. The dry salt heated with concentrated sulphuric 
acid detonates and evolves yellow fumes. 

Chlorates liberate chlorine fn>m hydrochloric acid. 

Perchlorate. The solution is boiled with hydmchloric acid to decompose 
hypochlorites, chlorites and chlorattis. Chlorides arc removed by precipitation 
with silver nitrate, the filtrate evaporated to drjme.ss, the resulue fused with 
sodium carbonate to decompose the perchlorate to form the chloride, which may 
now be tested as usual. 


ESTIMATION 

The determination of chlorine is required in a largo nmnbcr of substances. 
It occurs combined as a chloride mainly with sodium, potassium and mag- 
nesium. llock salt, NaCl, sylvine, K('l, carnallite, K(U*Mg(T2*0Il2O, matlockite, 
PbCb-PbO; horn silver, AgCl, atacamitc, CuCl 2 *.‘l(’u(()II) 2 , are fonns in which it 
is found in nature. Chlorine is <letermiue<l in the evaluation of bleaching powder. 
It is cstimatcil in the analysis of water. 

Preparation and Solution of the Sample 

In clLssolving the sample the following facts should be borne in mind: 
Although chlorides are nearly all soluble in water, silver chloride is practically 
insoluble (100 cc. dissolves 0.000152 gram at 20° C.); mercurous chloride is 
nearly as insoluble as silver chloride (0.00031 gram); lead chloritle reemires heat 
to bring it into solution (in cold water only 0.673 gram soluble per 100 cc. of 
water), t'hlorides of antimony, tin, and bismuth require free acid to keep 
them in solution. Hydrochloric acid incrcjases the solubility of silver, mercury, 
lead, antimony, bismuth, copper (Cu'), gold and platinum, but decreases the 
solubility of cadmium, copper (C’u'0» nickel, cobalt, manganese, barium, cal- 
cium, strontium, magnesium, thorium, sodium, potassium and ammonium chlorides. 

Chlorine gas Ls most readily di.ssolved in water at 10° C. (1 vol. lIjO dissolves 
3.095 vc»ls. t'l). lloiling completely removes chlorine from water. 

Hypochlorites, chlorites, chlorates, and perchlc rates are soluble in water. 

The chlorine may be present either combined or free. In the combined 
state it may be present as free hydrochloric acid or as a water-sohible or insol- 
uble salt. 


^Prescott and Johnson, Qual. Chem. Anal. D, Van Nostrand Co. 
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Water-soluble Chlorides. Chlorides of the ulkali or alkaline earth groups 
may be treated directly with silver nitrate upon making slightly acid with 
nitric acid, the chlorine being determined either gravimetrically or voliunctrically 
according to one of the procedures given later. It is convenient to work with 
samples containing 0.01 gram to 1 gram of C'l. The sample is dissolved in about 
150 cc. of water, made acid with nitric acid with about 5 to 10 cc. in excess of 
the point of neutralization, should the sample be alkaline. Then the chlorine 
combined as chloride is determined as directed later. 

If the water solution contains a chloride of a heavy metal which forms 
basic salts (e.g., stannic, ferric, etc., solutions), or which may tend to reduce 
the silver solution, it is necessary to remove these by precipitation with ammo- 
nium hydroxide, or by sodium hydroxide, or potassiiun carbonate solution. 
The salt is dissolved in water and acidified with HNOg, adding about 10 cc. in 
excess, for about 150 cc. of solution. (This excess HNOs should be sufficient 
to oxidize substances which would tend to reduce the silver reagent; e.g., FeSOg, 
etc.) Ammonia solution (free from chloride) is added in sufficient quantity 
to precipitate the heavy metals iron, manganese, aluminum, etc. The mixture is 
filtered and the residue waslied several times with distilled water. Chlorine 
is determined in the filtrate by acidifying with HNOg as directed above. 

Water-insoluble Chlorides. The chloride may frequently be decomposed 
by boiling with sodium carbonate solution. Many of the minerals, however, 
require fusion with sodium carbonate to prepare them for solution; e.g., apatite, 
socialite, etc. Silver chloride may also be dccom[X)scHl by fusion. 

Silver Chloride. The sample is mixed with about three times its weight of 
NagCOg and fused in a porcelain crucible until the muss has sintered together. 
The soluble chloride, NaC’l, is leached out with water, leaving the water-in- 
soluble carbonate of silver, which may be filtered off. The filtrate is acidified 
with HNOg and chlorine determined as usual. 

Chlorine in Rocks. The finely ground material is fused with about five times 
its weight of potassium carbonate. The melt is extracted with hot water, cooled 
and the solution acidifioA.! with nitric acid (methyl orange indicator), and the 
solution allowed to stand several hours (preferably over night). If silicic, acid 
precipitates, the solution is treated with ammonia and boiled, filtered and the 
filter washed with hot water. The cooled filtrate is acidified with nitric acid and 
chlorine detonnined as usual. If silicic acid does not separate, the addition of 
ammonia may be omitted and chlorine determined in the solution. 

Free Chlorine. Free chlorine may be detenninod volumetrically according 
to the procedure given under this section. If it is desired to determine this 
gnivimetrically, a definite amount of the chlorine water is transferred by means 
of a pi{)ette to a flask containing ammonia solution and the mixture heated 
to boiling. The cooled solution is acidified 'with nitric acid and the chloride 
precipitated with silver nitrate according to the standard procedure given 
on page 127. 

Notk. 'Free chlorine cannot bo precipitated directly, as the following reaction 
takes place: eCl-bOAgNOg+SHgO^SAgCH-.XgClOg-fOHNOg. 

llcaction of chlorine with ammonia: 2 C 1 + 2 NH 40 H = NH4C1+ NHgOClH-HjO. 
When the solution is boiled, NllgOCl breaks down, e.g, 3NH4()Cl-|-2NHg=3NH4Cl 

Chlorine in Ores and Cinders. One himdred grams of the finely ground 
ore or cinder are placed in a 500-cc. flask, containing 300 cc. of strong sulphuric 
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acid (Cl-frec). The flask is sliakeii to mix the sample with the acid and then 
connected with an absorption apparatus, containing distilled water or dilute 
caustic solution. The sample is gradually heated, the distillation flask resting 
upon a sand bath. After two hours, which is suflicient to expel all the chlorine 
as hydrochloric acid, the contents of the absorption tubes are filtered, if free 
sulphur is present (sulphide ores), nitric acid added and the filtrate brought 
to boiling to oxidize any SO* that may be present. Chlorine is precipitated 
according to the standard procedure on page 124. 

During the run the distilling flask should be shaken occasionally to prevent 
caking. Suction applied at the absorption end of the apparatus and a current 
of air swept through the system aids in carrying over the HCl into the water 
or NaOH. 

Determination of Halogens in Organic Compounds. Method of 

Carius ^ 

Organic compound-s may be decomposed by heating with strong nitric acid 
at higli temiieratures under pressure. If this heating is conducted in the presence 
of silver nitrate, the halogen hydride, formed by the action of nitric acid on the 
organic compound, is converted to the silver halide. This is weighed, or the 
excess AgNOa titrated (p. 125). Arsenic, i)ho.sphorus, and sulphur are oxidized 
to arsenic, phosphoric!, and sulphuric acids, the metals present being converted 
to nitrates. 

Procedure. About 0.5 to 1 gram of powdered silver nitrate is introduced, 
by means of a glazed paiier funnel, into a heavy-walled, l)oinb-glass tube, which 
is scaled at one end and is 50 cm. long, 2 cm. in diameter and about 2 mm. thick- 
ness of wall. Alwut 30 cc. of strong nitric acid (06%), free from chlorine, are 
introduced by means of a long-stemmed funnel, to avoid wetting the upper i)ortion 
of the tubing. About 0.1 gram of the organic substance, contained in a small bore, 
thin wall, glass tulie closed at one end (4 -5 cm. long), is introduced into the bomb 
tube, inclined to one side. The .small tube should float in the nitric acid, as it is 
important that the material should not come in contact with nitric acid until the 
bomb has bc'cn sealed, as loss of halogen is apt to occur with ojjcn tubes. The 
upper end of the bomb is softened in the blast-lamp flame, drawn out to a thick- 
walled capillary tulx; and fu.sed. 

When cokl, the bomb is wrai)i>cd in a.sl)estos paper, shoved into an iron tube 
of a bomb furnace and the heat turnctl on. I'he heating is so regulated that the 
temperature is raise«l to 200 “ C. in three hours. If a higher temixirature is neces- 
sary, the heating should be sucth as to cause a rise f)f 50® C5. in three hours. Sub- 
stances of the aromatic series retjuirc eight to ten hours heating at 250 to 300“ C., 
while aliphatic substances may bo decomix)s<<*<l at 200“ C. in about four hours.* 
Occa.sionally it is necessary to relieve the j>ressuro in a tul)C after heating to 200“ C., 
before taking to a higher temiieraturc, by softening the tii> of the cooled bomb in 
a flame, allowing the accumulated gJis to blow out, re.sealing and again heating 
b) the <lcsired tern ix'rature. Evidence of crystals or droi>s of oil in the glass tube 
indicate incomplete decomposition. When the bomb is cooled, it is removed by 

’ Ann. d. Chem. u. Pharm. (1865), 186, p. 129. 

* Treadwell and Hall, Anal, Cheni., J. Wiley & Son. P. C. R. Kingseott and R. S. G. 
Knight, Methods of Quant. Org. Anal. Longmans, Green & Co. (1914), Clowes and 
Coleman, Quant. Chem. Anal., P. Blakiston’s Son & Co., 1900. 
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takinK out the iron sheath from the furnace and inclining it so tliat the glass capil- 
lary tip slides partly out of the tube. (The eyes shouhl be protected by goggles.) 
The point of the capillary is lu'ld in the flame until the tip softens and the gas 
pressure is released by blowing through a passage in the softened glass. When the 
gas has esciaix'd, a scratch with a file is made below the caiiillary and tlie lip 
broken off by touching the scratch with a liot glass rod. The contents of the bomb 
are poured out into a beaker, the tube washed out with water and tlie combined 
soludon made to about .'{(X) cc. This is liealed to boiling and then allow(‘d to cool. 
The halide Tn'(?cipitate is filtered through a Clooch crucible, then dried and weighed, 
or by titrating the excess AgNO;{ by Volhard’s method, the halide may be esti- 
mated. 

If pieces of glass should be present, the jireeipitates, Agf^l or AgHr, are 
dissolved, in ammonium liydroxide, fillered and n'precipitated l)y acidifying 
with nitric acid. Agf njay lx* dissolv<‘d by means r>f’ diliile sulphuric acid and 
zinc. Tlie excess zinc is naimvcjd, llu* glass waslied fr(»e of iodine, dried and 
weighed and its W(‘ight siibtrachxl from the original impure Agl, giving tlie wc'ight 
of the pure silver iodide. 

Lime Method for Determination of Halogens in Organic Matter 

A layer of lime (fnx' from chloride*), aboul- fl cm. long, is inirodiicod inlo 
a difficultly fusible? glass tulie*, cleisexl at one e'lid (.‘{o cm. long anel with I cm. 
beire), feilleiwe'd by 0.5 gram e»f the subslance, anel 0 cm. ineire* eif the lime. The sub- 
stane-e is tlieireaighly mL\(*el by ineans eif a e*opp(*r wire willi a spiral end. '^Fhe 
tube is nearly fille*el with lime, anel in a lieirizemtal peisitiem, g(*nlly tafipe^el lo cause 
the lime lei sctlle anel feiriii a channe*! above* the* laye»r. The* lube? is plae*e'e| in a 
small carbon e*emibustie>ii furnae'e. Tlie* lie*al is tiirne'd on, sei (hat llie front end 
of the (ul)e is h(*at(*el (ei eiull r(*eliK*ss anel lhe*n the* (*nel e’e)iitaining liie? substane*e*. 
When the eirganic inalte'r has lKH*n ele»e*e)nipe»seel, (he* tube is e*o()lc*d anel the* contents 
transfcrreMl to a lK*akc*r anel (he* lime* elisse>Ive'el in elilule* iiitrie* ae*iel (Cl-free). The 
carbon is filtered eiff and the* haloge»n dc»te*rniin(Hl as usual in tlie filtrate. 

Should a sulpliale be* ])re*se'iit in the mixture*, eirganie* matte'r will rodue*e it te> a 
sulphide, se) that AgS will be j)r(*cipitate'el alemg with the* lialide's. 'Fo preve'iit 
this, hydrogen peroxide* is adeiexl (ei the* solutiein wiiieii sheiulel lie sliglilly alkaline. 
The mi.xture is boileel io remeive* (he* e*xcess nf lI^Oo anel is then aeieiifi(*d with 
nitric acid, the seilutiem filte‘reel anel (he halide ele*t(*nnine*el in the filtrate. 

With substances rich in nitroge»n, some seilubic* cyaniele is apt te) feirin. The 
silver i)rccipitatc cemtaining the haliele*s and the ewanide is h(*ate*il to fusion. The 
residue is now treated with zinc anel sulphuric ae*id, the me'tallic silver and the 
paracyanogen filtered off and the lialides determined in the filtrate, 


. Sodium Peroxide Method 

OrgD-nic compounds may be dee;e>m]x>se<l by sodium jx?roxide in an open 
crucible without recemrsc te) a scaled tube, as is re(|uired by the Carius method. 
The following is tlie preicedure eiutlincel by Pringsheim.i 

About 0.2 gram of substance in a small steel crucible is treated with a cal- 

* C. N., 1905, 91 , 2372, 215. 
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culatcd quantity of sodium poroxidc.* The crucible should be only two-thirds 
of its height full; this is put in a large porcelain crucible, in which a little cold 
water is carefully placed, so that the steel crucible stands out 1 to 2 cm. This 
latter crucible is covered with its own cover, in which is a hole through which 
an iron wire heated to redness can be introduced with the object of starting 
the combustion. As soon as the combustion is c{)mploted the whole is plunged 
into the water in the larger crucible. The porcelain crucible is covered with a 
watch-glass and heated gently until the whole mass is dissolved. This point is 
recognized when Up more bubbles are gi ai oiT and when there arc no more 
particles of carbon which have escaped combustion. The steel crucible is then 
removed and washed carefully; the solution is filtcied and treated with an 
excess of sulphurous acid (to neutralize the alkaline licjuid, and t*) reduce the 
oxidized products: bromic, iodic acids, etc.). The solution is acidulated with 
nitric acid, then made to a volume of abf)Ut .5t)t) cc., and the Imlogcns precip- 
itated with silver nitrate and the precipitate washed, dried and weighed as 
usual. 


SEPARATIONS “ 

Separation of Chlorine and the Halides from the Heavy Metals. Halides 
of the heavy metals are transposed by boiling th(;ir solutions with sodium car- 
bonate, the heavy metals being precipitated as carbonates and the halides going 
into .solution as sodium salts. 

Separation of Halides from Silver and from Silver Cyanide. The silver 
salt is treated with an excess of zinc and sulphuric acid, the inelallic silver 
and the parac.yanogo?i filtere<l off, and the halides determined in the filtrate. 

Separation of the Halides from One Another. Separation of Chlorine 
from Iodine. The method de|)ends upon the fact that nitrous acid sets iodint! 
free from dilute solulions containing a mi.\turc of halogen salts, bromides and 
chlorides being unaffected. 

The solution of the chloride and the icxlide in an Krlenme 3 'er flask is diluted 
to 4(K) cc. and 10 cc. of dilute sulphuric acid, 1:1, are added. The gas from 2 
grams of sodium nitrite is jwissed into tlie solution at the rate of about five bul)- 
blcs per second.® (Pun* sodium or i)otassium nitrite may be added directly to the 
solution in the flask.) The liberated iodine is now completclj’ expelled by boiling 
until the (ivolving steam no longer reacts upon litmus paper. Sbould a deter- 
mination of iodine lu* desired tin* evolvejl gas is absorlxul in a h.ydrogen j)eroxide 
sodium b 3 ’droxidt! solution according to the procedure descrilxjd under icHline. 


* Charge of sodium peroxide is judged as follows: 


Pf*r c’<*nt C and O In iimttTial. 

Aiiiuunt of MUKur to add. 

Amount of NntOs required. 

Ovor 7.1 

0 

18 times wt. of sub. 

30 to 75 

0 

Ifi times wt. of sub. 

25 to .50 

J the wt. of sub. 

10 times wt. of sub. 

Below 25 

An equal weight 

16 times wt. of sub. 


' * Attention is called to “ Methods in Chemical Ana^'sis,” by F. A. Gooch for useful 

Information on the separation of the halogens. 

® Nitrous ac*i<l is generated by .addition of dilute H*S 04 to NaNOs, the add being 
added drop by drop through a thistle tuljc with glass stof)-cuck. 
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The contents of the flask are treated with silver nitrate and the precipitated 
silver chloride determined as usual. 

Separation of Chlorine and Bromine from Iodine. The procedure is 
similar to the separation of chlorine from iodine with the exception tliat a more 
dilute solution is necessary to prevent the volatilization of bromine with the 
iodine. 

The neutral solution containinj? the halopjens is diluted to about 700 (*c. and 
about 2 to 3 cc. of dilute sulphuric acid, 1:1, are added and a sufficient amount 
of pure sodium nitrite introduced or nitrous acid gas passed into the solution 
as directed above. The solution is luiiled until colorless and until the evolved 
steam no longer acts upon litmus pai)er. About twenty minutes’ boiling after 
the color of iodine has disappeared from the flask will completely eliminate 
iodine; in this case, however, water shouhl be added to the flask to replace that 
evaporated before the solutuin has luKiii reduced to a volume of less than 000 cc. 

For determination of bromine in the residue remaining in the flask, see the 
chapter on this subject, page 79. 

GRAVIMETRIC METHOD 

Determination of Chlorine Combined as Chloride by Precipitation 

as Silver Chloride 

The procedure is the reciprocal to the one for determination of silvcjr; in this 
case the soluble silver salt is added to the sodium chloride solution, in wliich 
chlorine is to be determined. 

Procedure. To the nitric acid solution of the chloride, prepared according to 
directions given under “Preparation an<l Solution of th(‘ Sample,’’ is added silv(‘r 
nitrate solution in slight oxc<jss, stirring during the aildition of the reagent. (Stir- 
ring aids the coagulation of the AgC’l and hastens settling. It is advisable to allow 
the precipitate to settle sufficiently to clear the upper portion of the solution 
in order to detect whether further precipitation takes place upon addition of 
more of the reagent.) The mixture is now heated until it is liot to the touch 
and then allowed to settle for half an hour or more, preferably in the dark. It 
is filtered through a weighed Cooch crucible, washing the precipitate by decan- 
tation several times with cold water, slightly acid with nitric acid, and thcai 
the precipitate transferred to the (looch is washed frtH) of silver nitrate (IICl 
test) with cold distilled water. The (looch is drunl for fifteen to twenty minutes 
at 1(X)® C. and then at about 130*’ C\ to constant weight. The sample is now 
weighed as Agffl.^ 

Ag(1X0.2174=(3. 

Notks. Free chlorine is converted to chtoiide according to the ]>roccduro given 
for preparing* the s^unple, imd then deterinincfl according to the procedure given 
above. If chlorine and chlorides are both present in the solution and each is desired, 
the chlorine is d<*terniined according to tin' volumetric ])roccduro given later, 

and the total chloriilo dotei mined giaviinetrically, then free chlorine subtracted 
from total chlorine and the result taken as eombiiied chlorine of the solution. 

'The silver chloride should be completely soluble in ammonia. If it is not, the 
product is impure. To separate it from SiOa, AlnO®, and other impurities, the pre- 
ci]>itatc is dissolved in ammonia, the solution filtered free from the impurities, 
and the AgCl reprecipitated by acidifying with nitric acid and adding a few drops 
of silver nitrate. 
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If a paper filter is used in place of the Gooch crucible, the greater part of the 
precipitate is removed, the paper ignited separately, the reduced silver oxidized with 
HN()sr a droj) or so HCl added, then evaporated off, and the residue combined with 
major portion of AgCl and ignited gently until the salt begins to melt. 

VOLUMETRIC METHODS 

Determination of Chlorine in Acid Solution, Silver Thiocyanate 

Ferric Alum Method 

The method, devised by Volhartl,* is applicable to titmtion of chlorine in 
acid solutions, a condition frciiuently oc urring in analysis, where the Silver- 
Chromate Method of Mohr cannot bo used. The metliod is based on the fact 
tiiat when solutions of silver and an alkali thiocyanate are mixed in presence 
of a ferric salt, the thiocyanate has a selective action towards silver, combining 
wdth this to form thiocyanate of silver, any excess of that retjuired by the silver 
reacting with the ferric salt to form the rerldish-brown ferric thioc 5 'anato, which 
color scrv'^cs as an indication of the completion of the reaction. An excess of 
silver nitrate is added to the nitric aciil solution containing the chloride, AgCl 
filtered off, and the <!xcess of silver titrated with the thiocyanate in presence of 
the ferric salt. 

C^ipjier (up to 7()/f,), arsenic, antimony, cadmium, bismuth, lead, iron, zinc, 
manganese, cobalt, aiul nickel, do not interfere, unless the pro|K>rtion of the latter 
metals is such as to interfere by intensity of the color of their ions. 

Preparation of Special Reagents. NllO Ammonium or Potasaium Thio- 
cyanate Solution, About S grams of ammonium or 10 gmms of potassium salt 
are dissolved in water and <lilute<l to one liter. I'lie solution is adjusted by 
titration against the X /10 silver nitrate .solution. It is advisable to have 1 cc. 
of the thiocyanate e<iuivalent to 1 cc. of the silver nitrate solution. Owing to 
the deli(iue.scence of the thiocyanates the exact amount for an N /10 solution 
cannot be weighed. 

A/10 Silver Nitrate. This solution contains 10.7<S8 grams Ag or 10.989 grams 
AgXOa per liter. The silver nitrate salt, dried at 120° C., or pure metallic silver 
iiuiy bo takiMi, the re<iuired weight of the latter being dissolved in nitric acid 
ami made to volume, or 17.1 grams of the salt dissolved in distilled water and 
made to 1 (K )0 cc. The solution is adjusted to exact decinormal strength by 
standardizing against an X/10 .sodium chloride solution, containing .'>.846 grams 
of pure NaCl pisr liter. 

Ferric Indicator. Saturated solution of ferric ammonium alum. Should 
this not be available, FeS 04 may be oxidized with nitric acid, and the solution 
evaporated with an excess of 1 12 SO 4 to expel the nitrous fumes. A 10 % solution 
is tlesimd. Five cc. of citht;r of those reagents arc taken for each titration. 

Pure Nitric Acid. This should be free from the lower oxides of nitrogen. 
Pure nitric acid is diluted to contain about .‘> 0 % HXO 3 , and boiled until per- 
fectly colorless. The reagent should bo kept in the dark. Dilute nitric acid 
docs not interfere with the method. 

Procedure. To the solution, containing 0.003 to 0.35 gram chlorine, in 
combination as a chloride, is added sufficient of the puns IlXOs to make the solu- 
tion acid and about 5 cc. in excess. To the solution, diluted to about 150 cc., 
is added an exce.ss of standard silver nitrate reagent. The precipitated AgC^l 

* Liebig’s Ann. d. Cyhcni., 100, 1; Sutton, “ Volumetric Analysis,” 10 Bid. Z. Anorg. 
Chein., 63, 330, 1909. 
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is filtered off and washed free of silver nitrate. The filtrate and washings are 
combined and titrated with standard thiocyanate.' 

The filtrate from the precijiitated chloride i-! treated with o ce. of the ferric 
solution,* and the excess silver determine*! Iiy ad<lition of tlio thiocyanate 
until a permanent reddish-brown color is produced. lOach addition of the 
reagent will produce a temporary red«lish-brown color, which immediately fades 
as long as silver uinHimbined as thioc 3 'anate remains, 'fhe trace of excess 
produces ferric ej'^anate, the reddish-brown color of this com]>oiind being best 
seen against a white background. From this titration the amount of silver 
nitrate used by the chloride is ascertaiiuul. 

One cc. N/10 Ag\(),i - ().t)().‘ir>.5 gram (d or 0.()0.>S.5 gram XaCH. 

Volumetric Determination of Chlorine in a Neutral Solution, 

Silver Chromate Method 

The method, worked out b,y Fr. Mohr, is ap]>licable for determination of 
chlorine in water or in neutral solutions containing small amounts of chlorine; 
the element should bo pre.sent combiiie<I as a .soluble (rhlorid*;. Advantage is 
taken of the fact that silver combines with chh)rine in i)n*senco of a chromate, 
Ag 8 (’K )4 being decompo.sed as follows: AgA’rth + 2Na( 'I =2.\g( ’l-j-NaA 'H),. 
Wlicn all the chlorine has gone into c«)mi>ination as AgCl, an exc(!ss of KA’rth 
immediately fortns the red AgjCX) 4 , which shows the nsaclion of AgXOn with 
the chi ride to bo completci. 

Reagents. Tenth Normal Silver Nitrate Solution, 'riieoreticallj' Kl.JtSO 
grams AgNOs per liter are n'quinid. In practice 17.1 grams of the salt are dis- 
solved pur l(MK) cc. and th<} ,s<»h!tion atljuskul against an N/10 Xa(*l solution 
containing .'i.S lO grams Nat ’I pcjr liU;r. 

Potassium Chromate. Saturated solution. 

Procedure. To the neutral .solution (made s<», if iMicessarv, b.v addition of 
nitric acid or ammonium h,v<lroxid(‘), are a«hh!d 2 or 3 «lroi).s of the potassium 
chromate solution. A glass c«*ll ® (or a .'>()-<•(•. beaker) is filled to about I cm. 
in depth with wat(!r tinted t*) the same color sis the solution being titrated. 
The cell is placed on a <'lear ghuss jilato half <*overing t he <'ass<*rt»le containing tins 
sample. The standard silver solution is ntnv added to the <-hloride solution 
from a bumtto until a faint blood-nsl tinge is produceil, the r(}d change being 
easily’’ detected b.v looking through the blank, colored cell. 

One cc. N/IO K 20 i '04 =0.(K),‘154() gram Cl. 

Notrs. Chlorides having an a<*Ml reaction f.MClj) are tre.atod with an exce.s.s «>f 
neutral solution of sodium acetate and t hen titnite*! with .silver nitrate. 

lOleittents whose ions form colored .solution with chlorine are precipitated from 
the solution by s<Klium hydnixide or jiotassitun <‘arbonate, and the filtrate, faintly 
acidified with acetic acid, is titratetl as usual. 

'Timo is siivoil by filtorinj?, through n clrv filter papi'r, only «*i pfirtion of the mixture 
made to a definito volume, and titratini^; an alicpiot portion. The first 10 15 ee. of the 
filtrate are rejeetcHl. 

* ITpon addition of the ferric solution no color should develop. If a reddish 
or yellowish color results, more nitric? acid is rccpiired to destroy this. The amount 
of nitric acid does not affect rc.sults when within reasonable limits. 

’ I3c'pr6, Analyst, 5, V2li; also, Systcmiat ic Handbook of “ N'oluiiietric Analysis,*’ F. 

A. button. 
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Free hydroohlorit* acid is neiifralisod with ammonium hydroxide and titrated. 

It is udvisal)l<* to titrate the sunifde under the same conditions as those observed 
during standardisation. The solution should be kept to small bulk and low tem- 
perature for accuracy on account of the solubility of the silver chromate. 

Free chlorine should bo converted to a chloride before titration. This may be 
accomplished, as state(l under preparation of the sami)le, by boiling with ammonium 
hydroxide. Free chlorine may bo determined by s\vee])ing the gas, by means of a 
current of air, into a .solution containing ])ota.s.siuin iodide, the liberated iodine titrated 
by N/10 thiosuli)hate, Na2{:?203, and the equivalent chlorine estimated. 


Volumetric Determination of Free Chlorine 

The deterrniimtiou depemls upon the i action (U+Kl =KCI-|-T. The iodine 
liberated by the chlorine is titrated with XasS/b and the etiuivalent (M cal- 
culated. 

Procedure. A measured amount of tlni chlorine v.atcr is added to a 
solution of ])otassium iodide in a glas.s-stopp<‘n!d bottle by mc.ans of a j)ipettc, 
the deliveiy tip of which is just above the surface! of the iodide solution. The 
bottle is then clo.sed and the contents vigorously shaken. The liberated iodine is 
titrated with tenth-normal .sodium thiosulpliale (2NajS..().H-|-l2 -2\:iI-bXa.S4()*). 
When the yellow color of the irxline has Ix'come faint, a little .starch solution 
is added and the titration comi)let(!d to the fading out of the blue color. 

One cc. X/10 XuaS-Oa =().0().‘1.540 gram ('I. 


Determination of Hypochlorous Acid in the Presence of Chlorine 

The determination deijends ui)on the reactions: 

2KI4-IT()C1-K(M-|-K0fl-|-L .ind 2Kl+('b -2K(H-I,. 

'I’he alkali liberateil by hyi)ochlorotis acid and the total iodine are dcitermined 
and the cjdculat ions made for (sach of the constituents. 

Procedure. .\ mejisured volume of X/10 JK'l is added to a potassium iodide 
solution. I’o this the sample containing the hypochlonnjs acid jind chlorine 
an* added. The liberated uxliiu! is titrated with X/IO Xa2S203. (The ad<lition 
of starch is omitted.) 'Pin! colorless solution is treated with methyl orange 
indicator and the excess of hydrochloric acid is titrate<l with N/10 XaOII. 
The ])otassium hydroxide, iinxluced by the action of. the hypochlorous acid 
upon the ifxlide, nxiuin's half as much acid f(tr neutralization as the volume 
of thiosul])hate re(iuired by tlu? i(xlino set free by the hypochlorous at;id. 

Calculation. The c(!. back titration with NaOIJ arc subtracted from the 
total cc. of JK’l taken =cc. IK’l required by NaOH liberated by I£CXU=A. 
Then 2A cc. =cc. X^a-jSaOs recinirod by the 1 liberated by JJOCl. Cc. A.X0.005247 
=gram IKK 4. The total XaaSaOj titration minus 2/1 cc. (due to the iodine 
liberated by JK)(M)=cc. Xa-jS-jOj that, arc required by the iodine liberated by 
chlorine. Tins cc. thus rcquu-cd multiplied by 0.003510 = grams chlorine in the 
sample taken. 

' Six jMirls .\g('r()4, (lis.solve in 100,000 parts Hjd ai l.'i..^”. — W. G. Young, Armlyst, 

18, I2.'>. 
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Qravimetric Determination of Chloric Acid, HCIO3, or Chlorates, 
by Reduction to Chloride and Precipitation as Silver Chloride 

Reduction of the Chlorate. AmonK the methods of reduction of chlorates 
the ^ollowinK deserve special mention: 1. Reduction with Sulphurous Add.^ 
2. Ferrous sulphate. .3. Zinc. 

1. About 0.2 to 0.5 gram of the salt is dissolved in 100 cc. of distilled water 
and either 80, gas pns.scd itito the solution or sulphurous acid in solution added 
in exc&ss. The solution is now boiled to expel SO, and the chloride precipitated 
as AgCl in pre.sef!Co of free nitric acid. 

2. The sample in 100 cc. of distilled water is treated with 50 cc. of crys- 
tallized ferrous sul])hatc (10% solution), heated to boiling, with constant stirring, 
and then boiled for fifteen minutes. Nitric acid is added to the cooled solution, 
until the deposited basic ferric salt is dissolved. The chloride is now prcciiv- 
itated as Ag( 3, as usual. 

3. The dilute chlorate solution is treated with acetic acid until it reacts 
distinctly acid. An excess of i)owdcrc<l zinc is now ad<le<l and the solution 
boiled for an hour. Nitric acid is added to the cooIcmI solution in sufficient 
quantity to dissolve the zinc remaining. The solution is filtered, if necessary, 
and the chloride precipitated as usual. 

Factors. AgClX().S55 =K( 30,, or X0.247 1 =01. 

Notb. In absence of cyanides, carbonates ami acids decomposed ami vola- 
tilized by hydro(!hloric acid, or oxides, hydroxides ami substanc'cs other than chlorates 
that may bo decomposed or acted upon by this acid, evaporation of the salt with 11(3. 
and ignition of the residue, or addition of an excess of ammonium chloride,* and sub* 
sequent heating will give a rc^sidue of chloride, whicth m.ay be determined as usual 
and the equivalent chlorate calculated. Method by L. Blangey. 

The methods may be used in determining chlonates in pnvsence of jxtrch Ionites, 
only the former being reducetl to chlorides. Outline of the jirocedure is given later. 


Gravimetric Determination of Perchloric Acid by Reduction to 

Chloride 

A perchlorate ignited with about four times its weight of ammonium chloride 
in a platinum <lish may bo decoiuposcd to chloride. A second treatment is 
usually necessary to change tho salt completely, l^latinum appears to act as a 
catalyser, so must bo added in solution if a porcelain crucible is used. 

Procedure. Aboiit 0.2 to 0.5 gram of j)otassium perchlorate is intimately 
mixed with about 2 grams of ammoniutu chloride in a platinum cmcible, the 
latter then covcriid with a watch-glass and the charge ignited gently for one 
and a half to two hours, tho tem|K*rature being below the fusiiig-i)oint of tho 
residual chloride (otherwise tho platinum would be attacked). A second addi- 
tion of ammonium chloride is made and the mix again heated as before. The 
resulting chloride mav now be determined as usual. 

Factors. AgCl xb.0667 = KC’IO,, X0.2474 = Cl. 

* Blattnor and Brasauer, Chem. Zeit. Itej)., 11)00, 24, 703. 

* I’orchlorates are deeom]tosed by ignition with NlhC^ in pre.sence of i>latiiium. 
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Determination of Chlorates and Perchlorates in Presence of One 

Another 

( 1 ) A portion of the sample is treated w >,h about twelve times its weight of 
ammonium chloride in a platinum dish (or ju a porcelain dish with the addition 
of 1 cc. of hydroplatinic acid), and the mixture heated according to the procedure 
given for perchloric acid (page 128). The resulting chloride is detennined as 
usual. This is the total chlorine in the sample. 

(2) In a second portion the chlorate is reduced by means of SO2 or FeS04, 
according to directions given for detennination of chloric acid, and chlorine 
dotonnirted. The chlorine of this portion is sulitracted from the total chlorine, 
the dilTenmce multiplied by 3.9()75 =KC1()4. The chlorine of the second portion 
multiplied by 8.ir>()3 ==K(UO.t, or Ag(M in (2) subtracted from AgC^l of (1) 
an<l l.he diffenMU-e nmltipliod by O.tMlO? K( Ag( '1 of (2) multiplied by 0.855 = 
= KC1(),. 

Determination of Hydrochloric, Chloric, and Perchloric Acids 

in the Presence of One Another 

(1) Total Chlorine. If the dc'tiu'inination is made in the valuation of niter 
a 5-gram sample is fusc'd with about three tinwis its wiught of alkali carbonate ^ 
or calcium hydroxide,* in a platinum dish, wluToby all the chlorine compounds 
are <!onvortcd to chlorides. If the compounds are j)r(\st*nt as alkali salts, fusion 
with ammonium chloride in a platinum dish may be made and the total chlorides 
determined after dissolving the residue in nitric acid. 

(2) Chloride and Chlorate. If the estimation is Ixtiiig made in niter, 5 
grams of the sidt arc treated with 10 grams of zinc dust ((U-free) in presence 
of ir»0 cc. of acetic acid. The solution is boiled for half an hour, filtered, 
and th(i chloride determined. In a mixture of alkali salts of hydrochloric, chloric, 
and iierchlorie acids, reduction may be accomi)lished by pjissing in SO* gas or 
by ad<ling ferrous sulphat-e and boiling siccording to directions given for the 
determination of (dilorato. The ehlorid<5 now i)resent in the residue is due to the 
reduced chlorate and to the original chloride of the sample. 

(.‘j) The chloride of the sample is determined by acidifying the salt with 
nitric acid (cold) and precipitating as AgC'l. 

Perchlorate. The chloride and chh)rato in terms of chlorine are subtracted 
from total chlorine of (I) and multiplied by the factor for the salt desired. 

Chlorate. The chloriiM! of (3) is subtracted from chlorine of (2) and mul- 
tiplied by the factor for the compound desire<l. 

Chloride. The Ag(’l of (3) is multiplied by the appropriate factor. 

Factors. AgCI X 0.2174 = Cl, or X0.2544=HC1, or X0.4078 =NaCl, or 
X 0.5202 =K(’l. 

AgClX0.S55=KCl(b, or X 0.0607 =KCI04. 

ClX 3.4503 -KCIO*, or X 3.0075 =KC104, or X2.1027=KC1, or X3.0028- 
NaClOs, or X 3.4.535 =XaC104, or X 1.0480 =NaCl. 

* Mennick, Chem. Zoit. Rep., 1898, 22, 117. 

* Blattner and Brassour, Chem. Zoit. Rep., 1900, 24, 793. 
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Determination of Chlorine, Bromine, and Iodine in the Presence 

of Each Other 

The procedure is Bekk’s modihcation of Haubigny's method.* 

Procedure. The halogens are precipitated with an excess of silver nitrate, 
filtered unto asbestos or glass wool, washed, dried, and weighed us total halogens 
as silver salts. A second portion is precipitated and the nu)ist, washed silver 
salts (0.3 to 0.4 gram) aro treated with a solution of 2 grams of potassium 
dichromate in 30 cc. of concentrated sulphuric acid at O.'i® (.\, and digested for 
thirty minutes. IJy this procedure the iodine is oxidized to hydriodic acid 
(HlOa) and chlorine together with bromine is liberated in form of the free 
halogen. Toward the en<l of the reaction a stre'irn of air is led through the 
solution to remove any chlorine and bromine. This is now diluted to 300 to 400 
cc., filtered, and the hytlriodic acid reduced by adding, drop by drop, with con- 
stant stirring, a concentrated solution of sodium sulphite, Na-.SOa, until a faint 
odor r)f SO, remains after standing ten minutes. (Under certain conditions an 
excess may result in a partial reduction of the silver iodide.) The precipitated 
silver salt is filtered, washed with hot, dilute nitric acid, dried and weighed as Agl. 
'fhe filtrate containing the silver, fonnerly with the chlorine and bromine, is 
tnjated with ]M)tassium U)dido in sufficient amount completely to precipitate 
the silver as Agl. This is filtered, washed and weighml. From the three weights 
the chlorine, l)romine and iodine can bo easily calculated. 

Note. Ifekk claims an accuracy within loss than 0.1/}%. 

EVALUATION OF BLEACHING POWDER, CHLORIDE OF 
LIME, FOR AVAILABLE CHLORINE 

When chh)ridc of lime is treated with water, it is resolved into calcium 
hypochlorite, (’a(()Cl)j, and calcium chloride, CaCU. 'I’ho calcium hyixtchlorile 
constitutes the bleaching agent. Tlie technical analysis is confined tf) the 
determination of available chlorine, which is expressed as ])ci’ccntage by w<!ight 
(.f the bleaching imwder.* 

Procedure. Ten grams of the sample are w’ashed into a mortar and ground 
with water, the residue allowed to settle and the suijernatant liciuor poured into 
a liter flask. The residue is repeatedly ground and extracted with water until 
the whole of the chloride is transferred to the flask The combined extracts 
are made up to 1000 cc. 

To !i0-vv. portions (0./) gram) of the solution, 3 to 4 grams of solid potassium 
iodide and 100 cc. of water aro added and the solution acidified with acetic 
acid. Iodine eciuivalent to the available chlorine is lilieratcd. This is titrated 
with N/10 arsenious acid.* 

One cc. N/10 arsenious acid =0.00354(} gram C'l. This itiultiplied by 200 = %C1. 

*Juliu8 Bekk, Chem. Z(g., 3», 40.5-6 (1915). C. .A., 9, 2042, (1915). 

*ln FraiK^o tho stronpth is Riven in (iny-Lusssie doRrees, e.R., liters of gas 
evolved by 2 kilograms of bloachiiiR powder, 0° C, and 760 mm. 100° = 31 .78% C'l. 

* The standard arsenious aeiil is made by dissolving 4.95 grams of ])ure As^Oj 
together with 20 grams of sodium biearbonate in 50 cc. of warm water. When dis- 
solved tlie solution is made up to 1 liter. 
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Notk. In the analysis of compounds containing hypochlorites and chlorides, 
the conversion of hypochlorites to chlorides by heating with hydrogen peroxide is 
a great convenience. 

For instances in the analysis of bleach liquors, washes, etc., the (OCl) and Cl 
may be very ctusily and quickly determined by titrating an aliquot with ^VsjOj and then 
a similar aliquot with AgNOa after converting all the OCl to Cl by warming with 
HaO*. 

It is also a convenience in getting rid of OCl as, for instance, in the deter- 
mination of (30* in bicuiching powder, which is often of great importance. It is 
preferable to the use of ammonia, whicih is al ’avs liable to suspicion of having taken 
up a little CO*, and there is no danger of NH< I fumes which are sometimes a nuisance. 



CHROMIUM 

WiLFRKD W. Scott 

Cr, 5».0; sp.^r. 6.0S; m.p. 15S0°; b.p. C ; oxides, CrOj; 

CfjOj* CrOj* 

DETECTION 

Chromium is precipitated by hydrogen sulphide and ammonium hydroxide 
as bluish-green, Cr(OH)i, along with the hydroxides of iron and aluminum 
(members of previous groups having been removed). The chromic compound 
is oxidized to chromate by action of chlorine, bromine, sodium peroxide, or 
hydrogen peroxide added to the substance containing an excess of caustic alkali. 
The chromate dissolves and is thus separated from iron, which remains insol- 
uble as Fe(OH)j. The alkali ciiromates color the solution yellow. 

Barium acetate or chloride added to a neutral or slightly acetic acid 
solution of a chromate preitipitates yellow barium chromate, JhiCr 04 . Addition 
of ammonium acetate to neutralize any free inorganic acid aids the reaction. 

Lead acetate produces a yellow precipitate with chromates, in neutral 
or acetic acid solutions. 

Mercurous nitrate or silver nitrate gives red precipitates with chromates. 

Hydrogen peroxide added to a chromate and heated with an acid, such 
as sulphuric, nitric, or hydrochloric, will fonn a greenish-blue colored solution. 
Chromates are reduc<id by hydrogen jicroxide in acid solution, the action being 
reversed in alkaline solutittn. 

Reducing agents, hydrogen sulphide, sulphurous acid, ferrous salts, 

alcohol form green chromic salts when added to chromates in acid solution. 

Ether shaken with a chromate to which nitric acid and hydrogen peroxide 
are added, is colored a transient blue. Oxygen is given olT as the color fades. 

IICr04-|-3IIX0,=(M^0.d3+2Il20-l-02. 

Diphenyl carbazide test. I'o 5 cc. of the solution containing chromium as 
chromate, 2 drops of hj'drochloric or acetic acid are added, and 1 drop of an acetic 
acid solution of diphenyl carbazide (0.2 gram CO (NH-^ill-Cyis), is dis.soIved 
in 5 cc. glacial acetic acid and diluted to 20 c(!. with ethyl alcohol). A violent 
pink color is produced in presence of a chromate. Ix^ss than 0.000000 1 gnun 
chromium may be detectwl. 

Chromic salts are bluish green; chromic acwl is red; chromates, yellow; 
bichromates, red; chrome alum, violet. 

The powdered mineral, containing chromium, when fused with sodium 
carbonate and nitrate, produces a yellow colored mass. 

ESTIMATION 

Among the substances in which chromium is <letormincd arc the following: 
Chrome iron or chromite, (>aO,-FeOMg(); crocoisito, Pb(M) 4 ; slags; chromic 
oxide, chrome green, in pigments; ciiromates and dichromates; chrome steel 
and ferro-chrome. 
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Preparation and Solution of the Sample 

Althougli powdcml metallic chromium is soluble in dilute hydrochloric or 
sulphuric acid, it is only slightly soluble in dilute or concentrated nitric acid. 
It is practically insoluble in aqua regia and in concentrated sulphuric acid. 
Chrome iron ore Ls difficult to dissolve. It is important to have the material 
in finely powdered form to effect a rapid and complete solution of the sample. 
An agate mgrtar may be used to advantage in the final pulverizing of the 
substance. 

General Procedures for Decomposition of Refractory Materials Con- 
taining Chromium. The following fluxes may be used: 

A. Fusion with KHSO4 and extraction with hot dilute HCl. The residue 
fused with Na«COj and KClOs, 3 : 1, or fusion with soda lime and KC10«, 3 : 1. 

B. Fusion with NaHS04 and NaF, 2 : 1. 

C. Fusion with magnesia or lime and sodium or potassium carbonates, 
4 : 1. 

F. Fusion with Naa02, or NaOII and KNO3, or NaOH and NoaO*. Nickel, 
iron, copper, or silver crucibles should be used for F. Platinum may bo used 
for A, B, or C. 

Special Procedures. Materials High in Silica. The finely ground sample, 
1 to .'5 grams, is placed in a platinum dish and mixed with 2 to 6 cc. concentrated 
sulphuric acid (i.S4), and 10 to 50 cc. of strong hydrofluoric acid added. The 
solution is evaporated to small vohimo on the steam bath and to SO* fumes on 
the hot plate. Sodium carbonate is sulded in sufficient amount to react with 
the free acid, and then an oxcc.sa of 5 to 10 grams added and the mixture hcatcil 
to fusion and k(!pt in molten condition for half an hour. From time to time a 
crystal of potassium nitrate is added to the center of the molten moss until 
1 to 2 grams are ailded. {CaiUion. Platinum is attacked by KNO*, hence 
avoid adding .a large amount at any one time.) Chromium and aluminum go 
into solution in the flu.x, but iron is thrown out as Fc(OII)3. The cooled fusion 
is extracted with hot waf(ir and filtered from the iron residue. Chromium 
is in solution togc?th«;r with aluminum. If much iron is present it should be dis- 
dissolved in a little hjalrochloric acid and the solution poured into boiling 10% 
solution of potassium hydroxide, the cooled solution +Fe(OH)3 precipitate is 
treated with hytlrogen peroxwle or sodium peroxide to oxidize any chromium 
that may have been occluded by the iron in the first precipitate. The mixture 
is .again filtered and the cfnnbined filtrates examined for chromium. 

Sodium Peroxide Fusion. Chrome Iron Ores. One to two grams of finely 
pulverized ore are jilaced in a nickel or iron crucible of 50 to 75 cc. capacity 
and mixed with 5 to 10 grams of yellow sodium peroxide. (Fresh peroxide is 
best). The nniss is gently heated t)ver .a Bunsen burner until it melts. The 
fusion is kej)t at a low red heat for about fifteem minutes. About 5 grams more 
of the XajOa are added and the fusion heated for about ton minutes more. 
The cool(;d fusion is dissolved in a ca.sserole with 100 cc. to 1.50 cc. of water, more 
peroxide being added to this solution if it appears purple. The excess of peroxide 
is decomposed by boiling the solution, and to the caustic solution free from per- 
oxide is added 10 to 15 grams of ammonium carbonate or a sufficient quantity of 
the salt to neutralize four-fifths of the sodium hydroxide present in the solu- 
tion, as the strong caustic would otherwise dissolve the filter. The solution 
is now filtered. The insoluble matter is treated on the filter with dilute sulphuric 
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acid, 1:4. If a portion remains insoluble, it is an indication of incomplete 
decomposition of the ore, and this residue is again fused with peroxide and 
treated as above. The combined filtrates contain the chromium. 

Since chromates are reduced in presence of free acid and peroxide, the latter 
should be expelled before making the solution acid.^ 

If the chromate is to be precipitated as BaCrO* or PbCr 04 , the solution 
riiould be acidified with hydrochloric acid. If the reduced solution is to be 
titrated with potassium permanganate, it is best to use sulphuric acid in neutrab 
izing the caustic solution. Further directions will be given under the method 
chosen. 

Method for Solution of Iron and Steel. Three to five grams of steel are 
boiled for about ten to fifteen minutes with 60 cc. of strong hydrochloric acid 
and about 150 cc. concentrated nitric acid added and the boiling continued 
until the hydrochloric acid is expelled, brown fumes and the odor of Cl no longer 
being evident. Ten grams of potassium chlorate are now added to the cooled 
solution, a few crystals at a time, the solution then replaced on the hot plate 
and boiled down to about 50 cc. to decompose the chlorate. The solution is 
diluted to 1.50 cc,, and if an apprecialilo amount of mangjincse dioxide has 
separated out, it is decomposed by the addition t)f a few drops of hydrochloric 
acid. 'I'he chlorine is oxpcjlled by boiling and the .solution cooled. C’hromium 
is determined in this solution by the ferrous aimuonium sulphate method. 

SEPARATIONS 

Chromium, Iron, and Aluminum. If chromium has been fused with sodium 
peroxide or carbonate containing a little potassium nitrate, and the fusion 
extracted with boiling water, most of the chromium goes into solution as a 
chromate, together with alumina, but some of tlie chromiu:u is occluded by F e( 011 ) 3 . 
If the atuount of the iron pro<*ipitate is apiinieiable, and warrants the recovery 
of occluded chromium, it is dissolved in hydrochloric acid and tlio iron repre- 
cipitated by pouring into a solution of strong sodium hj'ilroxide. Ihifore filtering 
off the iron hydroxide, a liH le is added b) oxidize the (’raO.-,, if accidentally 
present, and the solution boiled and filtered. The combined filtrates will con- 
tain all of the chromium and aluniinum. 

If chromium is present as a chromic salt, instead of a chromate, it is oxidize<l 
to the higher form, by adding peroxide (Had* or NaaOa) to tlie alkaline solu- 
tion. Bromine added to this solution or chlorine gas passed in will accomplish 
complete oxitlation.* It must be njiuembered that in acid solutions hydrogen 
peroxide, sodium peroxide, or nitrites will cause reduction of chromates to 
chromic salts (exception, see meth<Hl for .solution of steel), so that these should 
bo boiled out of the alkaline solution Ixjfore making decidedly acid with hj^lro- 
chloric or sulpliuric acids. Since those arc diffitailt, if not iuipossible, to com- 
pletely expel from an alkaline solution, after boiling the strongly alkaline solu- 
tion, diltito sulpluiric acid is tulded until the solution acquires a pemianent 
brown color (nearly acid), acid potassium sulphate, KHSO4, is added, and 

' See Separations. 

• Br may be added and then NaOII to oxidize Cr an<l precipitate Fe(OH)s. 

Chromic oxide and most of its compounds, except chrome iron stone, may be 
decomposed by cone. HNOs-+-K(-lCa (added in sn»all portions). M. Grbger, Zcitsch. 
anorg. Chem., 81, 233-242, 1013. 
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tlic boiling continued.^ This will decompose the bromates and expel bromine, 
etc., but will not cause the reduction of the chromate, as would a strong acid 
solution. 

Separation of Chromium from Aluminum. This separation is necessary if 
chromium is to be precipitated as Cr(OH)(. The sodium chromate and alumi- 
nate solutions are made slightly acid with nitric acid and then faintly allraline 
with ammonium hydroxide, Al(OH)s is precipitated and chromium remains 
in solution as a chromate. 


GRAVIMETRIC METHODS FOR THE DETERMINATION OF 

CHROMIUM 

Precipitation of Chromic Hydroxide and Ignition to Cr 203 ^ 

Chromium present as a chromic salt in solution, free from iron and aluminum 
or clomoiits precipitated as hydroxides, is thrown out of solution by NH4OH 
as Cr(()ll)s, the precipitate ignited to the oxide, CraOs,* and so weighed. The 
2 )resence of hydrochloric acid or sulphuric acid does not interfere. 

Reduction. If the chromium is already present as the chromic salt, free 
from iron and alumina, it may be precipitated directly as the hydroxide by 
addition of ammoni.a; otherwise, if present as the chromate, as is the case when 
a separation from iron and alumina has b('cn necessary, and in cases where 
the chromium has been brought into solution by fusion with an oxidizing 
reagent, reduction is necessary. This is aceomiilished by passing SO* or 
JIjS into the slightly a<;id solution of the chromate, or by adding alcohol 
to the hydrochloric acid solution and boiling unlii the solution appears a 
th;e 2 > grass green. Twenty cc. of alcohol for every 0.1 gram of Cr lias been 
found to be ample for this reduction. The S ()2 or II 2 S should bo expelled 
from solution by boiling, in case either has been used for reduction of the 
chromate. 

Precipitation. Ammonium hydroxide or ammonium sulphide are added 
in slight excess and the solution boiled for about ten minutes. The solution 
should be slightly alkaline (litmus), otherwise a few drojis of ammonia should 
be added, but not a large excess; the solution will then settle out clear. A 
cloudy solution results from prolonged boiling when the solution has become 
acid; on the other hand, a large excess of ammonia will prevent complete pre- 
cipitation of chromium and the filtrate will be colored pink or violet. The 
chromic hydroxide is fdtered off on S and S 68.9 fdter paper. Sificc the precipi- 
tate is ajjt to be g<;latinous it is advisable to wash two or three times by decanta- 
tion and several times on the paper. The well-drained precipitate and filter is 
ignited wet in a porcelain or platinum crucible, first over a low flame until the 
pai)er has been charred, then over a strong gas flame for about thirty minutes, 

‘KHSO 4 will not cause reduction of chromates. A. Kurtcnacker, Zeitsch. anal. 
Chem., 82, 401-407, 1913. 'I’he Analyst, 88, 449, page 387. 

* It is advisable to take such a weight of sample that the ignited CrjOg does not 
exceed 0.5 gram in weight. 

*CrgOg, mol.wt., 152; sp.gr., 5.04; m.p., 2059**; insul. in 11*0, slightly sol. in acids, 
dark green hexagonal. 
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and finally a blast heat for five minutes. The green residue is weighed as 
Cr,0,.‘ 


CrsOa X 0.0846 =Cr. 


Determination of Chromium as Barium Chromate^ 

Chromium, present as a chromate, is precipitated from a neutral or faintly 
acetic acid solution of an alkali chromate by addition of barium ac(‘tatc or 
chloride. The BaCr 04 is gently ignited and weighed. The solution should be 
free from sulphuric acid or sulphates. 

Procedure. The alkali chromate solution is neutralized with nitric acid 
or ammonia as the ca.so may re(iuirc, i)reeautions for avoiding reduction 
having been observed as indicated under Pre])aration and Solution of the 
Sample. 10 cc. of I N. BaC'b or Ha(( '. 11302)2 (approx. 10% sol.) arc ad<Ied 
to the boiling solution for each 0.1 gram of chromium present. The reagent 
should be add<!d in a fine stnimn or tirop by drop to prevent occlusion of the 
reagent by the precipitate. The i)re(;ipitated chromate is allowed to s(;ttle 
on the steam bath for two or three hours and then filtered into a weighed (looch 
crucible and washed with 10% alcohol solution. The precipitate is dried for 
an hour in the oven, then placed in an asbestos ring suspended in a large 
crucible with cover and thus heated over a low flame, gradually increasing the 
heat until the outer crucible becomes a dull red. The cover is removed and 
the heating continued for five minutes, or until the precipitate appears a uniform 
yellow throughout. High heating should bo avoided. The cooled residue is 
weighed as BaCrOi. 


BaCrO4X0.20r)5=Cr, 

BaCrO*X 0.3002 =Cr,0,. 

BaCrO4X0.7666 =K 2 Cr 04 . 

BaCr04X0.5807 =K2Cr20,. 

Notrs. If the precipitate on the sides of the crucible ap])ears green, it is ignited 
until the green color disappears. 

If sulphates are present, BakS 04 will he precipitated, hence this method could 
not be used. In this case either reduction to the chromic, salt and precipitation of 
chromium as Cr(OII)j or a volumetric procedure should be followed. 

Oxidize chromium with an excess of hydrogen peroxide in alkaline solution, reduce 
in acid solution with ferrous sulphate and titrate with pernainganatc. Decomposition 
of hydrogen peroxide is_ accelerated by heat and by presence of sodium sulphate or 
ferric salts. 8alts of nickel cobalt, or manganese, decompose IbOj energetically and 
lower results are obtained. K. Bourin and A. Scncchal. Coiupt. lend., 157, 1528-.‘il. 

^ If the filtrate appears yellow, chromate is indicated, the solution should be reduced 
and the chromium precipitated as Cr(OH) 3 . If the filtrate is pink, it should bo boiled 
until it appears green and Cr(OH)sprccii>itatcs. The.so precipitates should be included 
in tho- above calculation for chromium. 

*BaCr 04 , mol.icl., 25.1.47; sp.gr., 4.498; solubility per 100 cc. IT2O, 0.00038**" and 
0.0043 hot. Soluble in HCl and in HNO3; yellow rhombic plates. 
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VOLUMETRIC METHODS FOR THE DETERMINATION 

OF CHROMIUM 

Potassium Iodide Method for Determination of Chromium 

f’hroiruuin present as a cliromato is redueeci in acid solution by addition 
of potussiuiu iodide and the. liberated iodine titrated by standard sodium thio- 
sulphate. The method deiiends upon the following reactions: 

(a) 2Cr()3+0KI =C’r2()a+3K30-|-GI. 

(f>) L-|-2Xa3S.03=2.\ar +Xa,S«0,. 

The presence of large quantities of Ca, Br, Sr, Mg, Zn, Cd, Al, Xi, Co, IlgSO^, 
IK 'I, does not interfere. ‘ 

Procedure. The alkali chromate solution eonttiining not over 0.17 gram 
Cr * and free from F02O3, is made nearly acid with H2SO4, boiled with 20 cc. of 
30% potassium acid suljdiate to decompose bromates or e.\pel Br, Cl, or II2O3 
as tho case may require, more KHSOa being added if necessary. If the solution 
is not acid it is made so with sulphuric acid and 5 ec. of the acid per 100 C3. of 
solution is addo<l in excess.^ About 2 grams of solid potassium ioclido arc added 
and, after five minutes, tho liberated iodine is titrated with N/10 Na3S20( 
solution. When the green color of the reduced chromate begins to predominate 
over the free iodine color (brownish red) a little starch solution is added and 
the titration with the thiosulphate continued until the blue color of the starch 
compound is just destroyed, care being taken not to confuse tho green color of 
the reduced chromium with the blue of the starch. 

One cc. of N/10 Na2S208< =0.001733 gram Cr. 

Determination of Chromium by Reduction of the Chromate 

with Ferrous Salts 

Tho procedure may be used for the determination of chromium in presence 
of ferric iron and alumina. Hydrochloric or sulphuric acids do not interfere. 
If hydrochloric acid is present in solution, the K2Cr207 back titration should be 
made. In presence of IL-SO* either KMn04 or K2O2O7 titrations may be 
mailc. The method depends upon the reduction of soluble chromates by ferrous 
salts, tho excess being determined by titration. 

Reactions, a. 2CIr203+6Fc0-l-a:«Fe0 =Cr203+3Fe208+a:sFoO. 

6. xsFcO is oxidized by standard oxidizing reagent to Fe203. 

‘ M. Grogcr, Zeit. anal. Clunn., 81, 23.3-242, 1913. 

®If desired, stronger solution of titration reagents may ho used, and consequently 
a larger sainplo taken. A nonrial sol. of Na2tS203 may be used to advantage with 1 
grain sanqilcs of eliromium salts or hydrates, where Cr exceeds 10%. 

•A. Kurtcnacker, Zeit. anal. Chem., 62, 401-407. 1913. 

•Sutton recommends for every 0.5 gram K»Cr207 present to add .5 gram KI and 1.8 
gram n2»S04 per 100 cc. of solution. If more K2Cr207 is present, increase the KI and 
Il2S()4, but not tho water. 

*If desired, a normal solution of thio sulphate _may bo used with one gram sample 
of chromium salts or hydroxides, when tho chromium present exceeds 10 percent. 



138 


CHEOMIUM 


Procedure. Reduction. The sample, containing not over 0.17 gram chromium 
present as a cliromate, is boiled to expel oxidizing reagents according to the 
method described under the imtassium iodide pn)cedure for chromium. The solu- 
tion is made acid, if not already so, and about 5 cc. cone. H 28 O 4 per 100 cc. 
of solution, added in excess. Tenth normal ferrous anunonium sulphate solu- 
tion containing free sulphuric acid is added until the solution changes from 
yellow through olive green to deep grass green. For every 0.1 gram of chro- 
mium about 65 to 70 cc. of N /10 ferrous salt solution should be added. After 
five minutes, the excess of this reducing reagent is titrated either with perman- 
ganate or with dichromate as directed below. 

Potassium Permanganate Titration. To be used in presence of free sulphuric 
acid, free hydrochloric acid being absent. 

Tenth-normal ix>tassium pennanganate solution is run into the reduced 
chromate until the green color gives place to a violet tinge. At the end-point 
the solution appears to darken slightly. A little practice enables one to get this 
with accuracy. A slight excess of i)crmanganatc gives the solution a pinkish 
color, readily distingtiishable in the green. Addition of 3 to 4 cc. syrupy phos- 
phori(! acirl gives a sharper end-point. The color should hold one minute. 

Potassium Dichromate Titration. N/IO is run into the solution 

until a dr«)p tif the saini>le placed on a white glazed surface with a drop of potas- 
sium ferricyanide reagent no longer gives a blue color. 

Calculation. From the total ferrous ammonium sulphate added, subtract 
the cc. of back titration (the reagents being e.\actly N/ 10 ), the difference gives 
the cc. of ferrous salt reciuired for chromium reduction. If reagents are not 
N/IO, multiply cc. titnations by factor converting to N/ 10 . 

C’c. ferrous ammonium sulphate X 0 . 00 J 733 =( ’r. 

0203 - 1 - 3 () -('r-nB. .'. (’r== Ig-Oor =-311; hence 3 mol. wt. C'rj)er liter =N sol. 

Determination of Small Amounts of Chromium ^ 

Advantage may l)e lakfai of the color produced by chromates in solution 
in delenuiuing small amounts, the depth of color depending upon the amount 
of chromate in .solution. The iiK'tliod pos.sesses the usual disadvantage of color- 
imetric procedur«*s in that th(*re Is always room for doubt as to whether the 
element sought is entirely responsible for the c»)lor of the solution. 

Procedure. The solution coidaining the sample is nearly neutralized with 
sodium carbonate, the reagent being added until a slight clou<iine,ss results, 
'^riie solution is now cleared with a few drops of sulphuric acid, and then suf- 
fi ‘ient excess of a strong solution of sodium thiosulphate added to precipitate 
aluminum, chromium, mangane.sp, (*(.<•. 'PImj precipitate is filterccl off, dis- 
solved in the least amount of dilute nitric acitl, then filtercsl from the pnjcipitatcd 
sulphur an<l dijuled to 300 to 100 cc. (.’hromium is now oxidized by adding 
10 cc. of 0 . 2 ^/o silver nitrate s(»lution, about 10 grams each of ammonium nitrate 
and persidphate. After boiling for about twenty minutes, sufficient hydro- 
chloric! a<’i<l is added to decompose any ])crmanganate present ami to precip- 

desiretl, a larger s.'imi)le may be taken and N/5 or N solutions used in titra- 
tion. It is udvisiible to titrati! cdiromium salts, c.g., over 1.0% Cr, with normal solu- 
tions, so that one gram samplt! iiuiv be takiin fur analysis. 

* M. Dittrich, Zeitsch. anorg. Chein., 80, 171-174, 1913. 
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itate tlie silvci’, and a few cc, added in excess. The solution is a^ain boiled 
for about ten minutes and then filtered. The filtrate is treated with a little 
sodium phosphate to repress the color of traces of iron that may Ijc present 
and made to a definite volume. 

The solution may now be compared with a standard solution cbntaining 
the same amounts of acids, mauganosc, alumina, etc., as are present in the 
sample} tenth normal potassium dichromatc being run into this standard solu- 
tion until its color matches that of the sample. The burette reading is taken 
and the chromium calculated. 

One cc. of N/IO KjCrsOr ==0.00173 gram Cr. 

Notes. Prolonged boiling after addition of hydrochloric acid to the solution of 
the chromate will cause its reduction. A green tint usually indicates that the chro- 
mate has been reduced. 

The test may be carried on in the presence of sulphuric, hydrojihloric, pho8])horic 
hydrofluoric, and nitric acids. Alumina, manganc^se, and small amounts of iron 
do not interfere. 

Organic matter should be destroyed by either calcining the sum])lc or by oxida- 
tion b.y taking to fumes with sul|>huric acid. I’he pres(*n<*c! of this ]m*vents pre- 
cipitation of chromium. 



COBALT 

W. L. Savzll> 

Co» otMt, 58.97; »p,gr, 8.7918; iti.p. 1478^; h.p, unknown i (kddeSt CotOi* 

CoiOif C/OOf C)o02. 

DETECTION 

After the removal of the elements precipitated by hydrogen sulphide from 
acid solution, a little nitric acid is added to the solution to oxidize to the ferric 
state any ferrous salts which may bo present, and ammonia is added until its 
odor is distinctly i)erceptiblo, to precipitate iron, aluminum and chromium.* 
This precipitate is removed by filtration and hydrogen sulphide passed through 
the ainmoniacal solution to precipitate cobalt, nickel, manganese and zinc. After 
collecting this precipitate it is washed thoroughly with cold hydrochloric acid of 
approximately 1.035 specific gravity, to remove mangat»csc and zinc. A small 
quantity of the residue is fused with borax in the loop of a platinum wire. A 
blue color in the cold b(*ad indicates cobalt. 1'his test is masked in the presence 
of large quantiti(‘s <jf ni(;kol. In this case the nisidne is dissolved in hydrochloric 
acid to which a few droi)s of nitric acid have been addl'd and the solution evajv 
orated to dryness. 'I’he residue is redissolved in water, acidified with hydrochloric 
acid and the cobalt ])recipitated with a hot solution of nitroso-bcta-naphthol 
in 50% acetic acid, A brick red ini'cipitatc indicates cobalt. 

Potassium sulphocyanate, K( -NH, produces a red color with cobalt. Alcohol 
and (ithi'r are addl'd to this solution and shaken. The ether layer is colored 
blue by cobalt. If iron is present a solution of sodium thio-sulphate, NaoSjO.,, 
is added until the iikI color disappears, the solution filtered and then treated with 
the alcohol-ether mixture. 

Potassium Nitrite, KNOj, added to a neutral or slightly acid solution con- 
taining acetic acid, will i)rocipitatc cobalt as a yellow complex nitrite having 
tlio formula K 3 Co(N 02 )b. 

A solution of dicyandiaviidine sulphate and sodium hydroxide added to a 
cobalt solution to which ammonia has been adtled until the odor is distinctly 
discernible, and containing from 10 to 20 cc. of 10% sugar solution, will change 
the color of the solution to red or reddish violet. If large ijuantities of nickel 
are present the color will be yellow or reddish yellow, after which the nickel will 
separate out in brilliant crystals, leaving the cobalt in solution, coloring it iis 
described above, 

A concentrated solution of ammonium .wlphoq/auate added to a cobaltous 
solution colors it blue. On dilution this becomes pink. Amyl alcohol or a mix- 
ture of amyl alcohol and ether 1 : 1, added to this and shaken, extracts this 
blue comiKmnd. Iron sulphocyanate, FefCNS),, likewise colors the cthcr- 

^ Research Chemist, Doloro Mining and Reduction Company, Doloro, Ontario. 

• If a n'Litivcly large amount of iron is present the basic acetate method of separa* 
tion is necessary, as iron occludes cobalt. 
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alcohol extract red, which may mask the cobalt blue. By addition of sodium 
carbonate solution ferric hydroxide precipitates, while the cobalt color will remain 
after this treatment. 

ESTIMATION 

Cobalt is usually estimated as metal; either reduced by hydrogen from the 
ignited oxide or reduced by electrolysis from an ammoniacal solution of its 
salts. Sometimes, however, it is estimated as oxide; usually as CojOi. The 
reduction of the oxide by hydrogen may bo carried out in conjunction with any 
process giving an oxide, hydroxide, carbonate, nitrate, chloride or an organic 
compound, as a final product. 

The reduction of the metal, in solution, by electrolysis, must be accomplished 
in a strongly ammoniacal solution free from copixjr and nickel, as these metals 
jiro deposited with the cobalt on the catliodc. ^^’hen desirable the copper and 
nickel may bo estimated after the electrolysis by dissolving the deposit from the 
cathode and proceeding in the usual manner. 

Preparation and Solution of the Sample 

General Procedure for Ores. The ores containing cobalt vary so widely 
in their chemical nature that it is diflicult to lay down a method for treating all 
ores. However, as the principal ores contain the cobalt as a sulphide or arsenide 
the same general methods may bo used in the majority of cases. In all cases it 
is necessary to jnepare the sattiple for treatment by grinding finely. Usually 
eitla’r of the above ores may bo brought into solution by heating with strong 
nilri(! acid or a mixture of nitric and hydrochloric acids, e.vcept silver-bearing 
ores, which may usually be dissolved in a mixture of nitric and sulphuric acids. 

While it is desirable to use no nM>re ackl than is necessary to bring the sam- 
ple into solution, atv excess will not interfere, as it m.ay be driven off by evapora- 
tion and in the event of didermining the cc.balt electrolytically it is essential 
that the solution be free from nitric acid, so that this evaporation becomes 
part of the pmeedure. 

In the case of es|w^cially refractory ores or oxides of cobalt or nickel, a fusion 
with potassium bisulphate will usually Im? found sufficient as a preliminary treat- 
ment to enable it to be brought into solution. Under certain conditions, how- 
ever, it has been fountl iiec<>ssjiry to fuse the orci with sodium ]ieroxide in a silver 
crucible, dissolving the cobalt oxide fonned in hydrochloric acid. In some- 
what less refractiiry ores of a silicious nature a iircliminary fusion with a mixture 
of sodium carbonate aiitl p<itassium carlK)nate with subse<juent solution in 
hydrochloric acid or suljjhuric acid, if the ore is a silver-bearing one, will be 
found satisfactory. 

Cobalt Oxides. Cobalt oxide, gray or bl.ack, may 1x5 fus(5d with potii.ssium 
bisulphate, and ihe melt lea<‘hed with water; or they may be treated with sul- 
phuric acid, in which they dissolv<5 slowly; or with hydrochloric acid, in which 
they dissolve more rapidly. 

Metallic Cobalt, Nickel and Cobalt Alloys. Metallic cobalt dissolves 
readily in nitric acid, as do nickel and the ortlinaiy cobalt alloys. There arc 
some alloys of cobalt, however, which reciuire fusion with sodium peroxide be- 
fore they bec'orne amenable to further treatment. Among these are certain 
cobalt-chromimn alloys. 
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SEPARATIONS 

Separation of the Ammonium Sulphide Group Containing Cobalt from the 
Hydrogen Sulphide Group — Laid, JlLsniuth, (’oppcr, Cadmium 
Arsenic, Anlimoiiy, Tin, Gold, Molybdenum, etc. 

Hydrogen sulphide passed into a hydrochloric acid solution containing 
from 5 to 7 cc. of concentrated hydrochloric acid per 100 cc. of solution, pre- 
cipitates only the members of that group and silver, whereas the members of the 
subsequent groups remain in solution. If the solution is too acid, lead and 
cadmium are not completely preidpitated. 

Separation of the Ammonium Sulphide Group from the Alkaline Earths 
and Alkalies. Ammonium sulphide, free from carbonate, added to a neutral 
solution containing the above elements in the presence of ammonium chloride, 
precipitates only the members of this group; the alkaline earths metals, mag- 
nesium and the alkalies remain in solution. A second precipitation should be 
made if large quantities of the alkaline earths or alkalies are present. 

Separation of Cobalt and Nickel from Manganese. The solution of the 
chlorides or sulphates of cobalt or nickel is treated with an excess of sodium 
carlxuiatc and then made strongly acid wit h acetic acid. About 5 grams of 
sodium acetate f(»r each gram of cobalt or nickel i)resent is now added, the solution 
diluted to 200 cc. and h(*ated to about SO” (\ and saturated with hydrogen sul- 
phide. Gobalt and nickel are precipitated as sulphides and the mai^anese 
remains in solution. The filtrate is concentrated, and colorless ammonium 
sulphide; add(;d wIkmi the cobalt and nickel that may have piussed in solution 
from the hydrogen sulphide treatment, will be precipitated. The treatment 
should bo repeatixi with the second filtrate to ensure cornph'tc iirecipitation of 
the cobalt and nickel. 

Separation of Cobalt from Nickel. Among a number of methods for effect- 
ing this s(‘paration the following give goinl results; 

A. Nickel is removed from the solution by pre<*ipitatkm with dimcthyl- 
glyo.\ime. The details of the procedure may be found in the gravimetric methods 
for the determination of nickel, (’objdt remains in .solution. 

Ji. Cobalt is precipitated by nitroso-beta-naphthol, leaving nickel in solu- 
tion. l^ctails of the jirocedim' arc given under gravimetric; methods for deter- 
mination of cobalt. 

C. (\)balt is precipitated as potassium cobalt i-nitrite, nickel remaining in 
solution. Details of the procedure are given undc'*’ gravimetric methods for 
the determination of cob:ilt. 

Separation of Cobalt from Zinc. Zinc is precipitated from wc'ak acetic or 
formic acid solution ]\v hydrogen sidphide as zinc sulphide. C^obalt, nickel 
and manganese remain in .solution, 'fhe (hdails of the pn)cedure are given under 
the methods of determination of zmc. 
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GRAVIMETRIC METHODS FOR THE DETERMINATION 

OF COBALT 

Precipitation of Cobalt by Potassium Nitrite 

Cobalt may be precipitated from a solution made slightly acid with an excess of 
acetic acid by adding a hot solution of potassium nitrite. The cobalt is precipitated 
as potassium cobalti-nitrite, KsCo(N 02 )«, very completely, after standing for a 
period of six hours in a warm place. This method luis the advantage of making 
possible the separation of cobalt from , nickel and iron, although it has the one 
disadvantage, for commercial purposes, of requiring a long time to complete the 
determination. 

Procedure. After bringing the material into solution and separating the 
silica and members of the first and second groups in the usual manner, the 
solution is boiled to eliminate hydrogen sulphide. Oxidize the iron present 
with a little hydrogen peroxide and evaporate the solution to a syrup. Take 
up in a little water and neutralize with a practically saturated solution of sodium 
carlMjnate. Hender slightly acid with acetic acid and add an excess of 1 : 1 
acetic acid. Heat to almost boiling and add solution of 50% potassium nitrite 
containing 100 ce. of glacial acetic acid per liter, also heated to nearly boiling. 
This solution should bo added slowly to the solution of the sjimple which should 
lie agitated, preferably by rotating gently while the addition is being mjxde. 
The sides of the beaker .should be washed down with a 1% solution of potassium 
nitrite containing 1 cc. of glacial acetic acid ]ier liter. Allow to stand for at 
least six hours and if possible overnight. Filter through thick Swedish filter 
pajier without previous wetting. As this precipitate shows a very decided 
tendency to creep, considerable care is re<|uired to k(*ep it well down in the apex 
of the filter-paper cone. Wash aljout ten tim<^s wilh Ihe warm nitrite s<dut.ion 
mentioned above. Transfer to a beaker by nanoving the filter paper from the 
funnel and optniing it into the beaker with the outside of the paper against the 
glass. This leaves it in a convenient p(*sition for wjishing. The bulk of the 
precipitate is washed off wit h 10 cc. of 1 : 1 sulphuric acid, heated to about S()° C. 
This should leave only a slight film of precipitate on the jjaixjr. Keep the solution 
in the beaker at about 80° C. to assist in dissolving the jnecipifate and wash 
the paper with the hot sulphuric acid solution five times, using ul>out 10 cc. each 
time. Gradually witlulraw the filter pajx'r from fhe top of the beakijc <luriug the 
washing operation. Give the pajxjr a final wash with hot water and sciueozo the 
last drof)S from it into the Iwaker. h]vuporatc and allow to fume «frongly for 
ten minutes. Set the beaker in a cooling trough and add water until the v«)lume 
is about doubled. Neutralize and make slightly ammoniacal and them tuld 
an excess of 60 cc. of strong ammonia and i*U‘ctrolyze as described uiuler Elec- 
trolysis in Reduction of Cobalt by I*]le(!trolysis, page 144. 

Precipitation of Cobalt by Nitroso-beta-NaphthoP 

Nitroso-beta-naphthol, CioHo(NOH), aehhid to a hydr»)chloric acid solution of 
cobalt, precipitates cobalti-nitroso-beta-naphthol, C'o(C?iolIiiG(NO)).i; nickel, if 
present, remains, in solution. The inetlnKi is esiiecially suitable for the deter- 
mination of small amounts of cobalt in the pi*es(!ncc of comparatively large 

* Burgess, Z. Angew., 1896, 596. 
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amounts of nickel. The cobalt jjrecipitatc is A'olurniiious, so that the sample 
taken for the dcternxination should not contain over 0.1 gram of colialt. The 
reagent will also precipitsitc copjxer and iron completely from solution, and 
silver, bismuth, chromium and tin partially; but mercury, lead, cadmium, arsenic, 
antimony, aluminum, manganese, nickel, glucinum, calcium and magnesium 
remain in solution. 

Procedure. To the solution containing tlu; cobalt is added a freshly prepared 
hot solution of nitroso-lxjta-naphthol, in r>0% ai’otic acid, as long as a precipi- 
tate is produced. After allowing it to settle, more of the reagent, is added to 
insure complete precipitation of the cobalt. The comiK)und is allowfid to 
settle for two of thn'o liours, the clear .solution d(*cant(‘d through a filter and the 
precipitate waslusd by decantation with cohl w'ater, tlniu with w'arm 12% hydro- 
chloric acid solution to remove tlu; nickel, and finally W'ith hot water until free of 
aci<I. 

The brick-r<‘d precipitate is drie<l, then ignited in a weighed ]>latinum cru- 
cible (Rose crucible), first over a I<»w flame and finally at a wliiti* heat, the 
crucible being covered by a iilatinurn cover (Ho.se cTueibh! ty])(‘) with a platinum 
tube, through which is pa.ssed a slow current of «»xygt‘n. 'I'lni residue is winghed 
as Coj() 4 . The oxide may be reduced in a curnmt t)f hydrogen and weighed as 
metallic cobalt. Ignited in the presence of t.'O* the oxide C'(»0 is formed. 

Precipitation of Cobalt by Electrolysis^ 

Metallic cobalt is readily deposited from an ammoniacal solution of the 
sulphate, but in the presence of copper and nickel these are also completely pre- 
cipitated on the cathode; so, in case it is desired to determine the cobalt alone 
it is necessary to separate these metals from the solution before electnxlysis or to 
detennine them separately after electrolysis in a solution of the metallic dejMxsit. 
In practice the copiicr is usually separated before electrolysis and the nickel, if 
determined separately, is estimated afterward by one of the methods given under 
Nickel, the cathode depo,sit being dissolved for this purpose. 

Procedure. After preparation and solution of the sample the usual sepa- 
rations with hydrf)gen sulphide in acid solution are made if nec-e.ssary. In 
must ca.ses it is necessary to pass hydrogen sidphidc through the warmed solu- 
tion for at least one hour to insure the <’ompIete preciixitation of ansenic. Filter 
and boil to expel hydrogen sulphide. Add 5 cc. hydrogen peroxide to insure 
oxidation of iron eomixmnds to ferric state and add ammonium hydroxide until 
slightly alkaline to litmus. I’ilter off ferric hydroxide and wash xvith water 
contaii»ing a small quantity of ammonium hydroxide. Rodis.solvc and repre- 
cipitato this ferric hydroxide in the above manner, using a little hydrogen jxir- 
oxidc in each instance, until the last tmees of cobalt have been reTnove<l from it, 
keeping the filtrates, wdiich should be as small as possible, to add to the main 
filtrate. If much inxn is present this is best removed as the basic acetate. 

Electrolysis. If the treatment of the iron precipitate has made a large 
volume of solution this maj/ be n'duced by evaixorat.ion, after which 50 cc. of 
strong ammonia are added and the sohition electrolyzed, using direct curmit of 
2 volts and 0.5 amfx're jxer .sfjuare decimeter. The eh'ctrodes shrmld be 
platinum, the anode a spiral wire and the cathode either a hr)llow cylinder or a 
cyliiulrical gauze. Ry agitating the solution, raising the voltage and the cur- 
^ Low, ** Technical Methods of Analysis.” 
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rent density, the rate of deposition may be increased. In a properly agitated 
.solution the deposition may 1k‘ completed in forty-five minutes. 

The current should not be cut off until the solution is tested to determine 
if the electrolysis is comi)lete. This is done by mixing a drop or two of the 
solution from the end of a stirring rod with a few drojxs of ammonium sidphide. 
If the (ilectrolysis is complete? the mixture will remain colorless, but if some 
cobalt .still remains in the solution the mixture will Ik; darkened. After the 
electrolysis is comjdele the c:ithode is carefully removed from the .solution and 
dipped into ti iM'iiker of clean water, after which it. is washed with alcohol, pref- 
eralil.v ethyl alcohol. 

If a large numlK’r of electrol.vtie determinations are to be made, it is con- 
venient to have a wule-mouthed l)ottle with a wc‘l 1-ground-in glass stoi)per or a 
cork stopiM?r for holding the alcohol for the preliminary wa.shing. The mouth 
.should be large; ('iiough to receiv’e the cathode without {Keiiring out the alcohol. 
The cathode may be lowered into the silcolail in this bottle, which should only 
1k‘ partly filh'd, and then rinsed again by pouring fresh alcohol over it and allow- 
ing it to drain into the wid(‘-mouth bottle. 'I’liis all»»ws a great many cathodes 
to be wa.shed with a comparatively small (juantity of alcohol. Dimctly after the 
fimil washing with alcohol the cathode is p{i.ss(‘d through the flantc t)f a liunsen 
burner and the ah;ohol ignited. After this is entirely burned off the cathode 
is placed in a desiccator to cool and when cool is weighed. The increase in weight 
of the cathode is the weight of cobalt in the sample if the solution had been free 
from nickel before electrolysis. If the nickel remained in the solution the increase 
in weight of the cathode represents the cobalt and nickel in the sample. If it 
is dc.sircd to determine the cobalt and nickel together the increase in weight of the 
cathode is divided by the weight of the sample and multiplied by 100 to obtain 
the percentage. If it is desired to obtain the percentage of cobalt sejmrately, 
the plate is dissolved from the cathode in a few cc. of nitric acid and the nickel 
detennined in the resulting solution by precipitation with dimethyl-glyoximc 
as described in the chapter on Nickel, after which the cobalt is found by 
difference. 


Cobalt in Cobalt Oxide ^ 

One gram of finely ground cobalt oxide is either fused with 10 grams of potas- 
sium bisulphate or heated with 20% sulphuric acid until dissolved. If the 
fusion method is used the melt is extracted with water and acidified with sulphuric 
acid. Arsenic and copper are precipitated by passing hydrogen sulphide through 
the warmed solution, which should be diluted to alx>ut 200 cc. for about one 
hour. These are removed by filtration and the cobalt determinated by one of the 
above methods. The following procedure is one of the most satisfactory: 

Procedure. If it is desired to determine the nickel separately, as is usually 
the case, this is first precii)itated with dimethylglyoxime as de.scril)ed in the 
chapter on Nickel, after boiling the solution to exjx;! hydrogen sulphide. It is 
then evai)oratcd to fumes of sulphur trioxido and taken up with twice its volume 
of water. The free acid is neutralized with ammonium hydroxide and an excess 
of fiO cc. of strong ammonium hydroxide added. The solution is made up to 
250 cc. and electrolyzed as under Precipitation of Cobalt by Electrolysis. 

* R. W. Tjandrum, Proc. Am. Ceramic Soc., 12, 1910. 
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Cobalt in Metallic Cobalt and Ferro-cobalt 

Cobalt is usually dc*tenniiw*<l in motallio cobalt and 1 .rro-cobalt by electrol- 
ysis, after separation of the elements preei|)itated by hytlrof^en suli>hidc in acid 
solution and elimination of iron, if present in lari;e (luantilies. In case it is 
tlesired to (tstimaUt nickel s<*parately it is jweeipitated by dimethylglyoxiine as 
<lescribc‘d in the chapter (»n Nickel, In^fore electrolysis, takitif; the solution down 
to sulphur trioxide fumes, dihdin); with water and adding ammonium hydroxide 
in exc<‘ss and electndyziiiK. In case the solution is eh'ctrolyzc'd before sepa- 
rating the nickel the detenninal ion of this element ir.ay be made in the solution 
of th(i electrolj’tie defM)sit dissf)lved in acid, the cobalt, then found by dilTerencc. 

Procedure. Diss«)lvo 1 gram of well-mixed drillings in the least possible 
(luantity of nitric acid and ad<i 2t) c<*. e)f I : 1 sulphuric acid. l'lva|M)rate to 
fum(‘s of sulphur trioxide and allow' to fume strongly for ten minutes. 'J'his 
insures the comph'te. (‘limination of nitrates, which would interfere subsecpiently 
with the electrolysis. Cool and <lilut,e carefully with 2t) cc. of Wiiter. Heat 
the solution to ncjirly boiling an<l psiss in hydrog»>n sulidiidi* for one hmir to 
I)recipitate copiMT and ars<*nic. Filter and boil the solution to expel the last 
traces of hydrogen sulphide. Add 2 c<*. of hydrogen peroxide to oxidize; ferrous 
eom{H)unds to ferric state*, anel aelel amnmuium hyelre)xide until slightly alkaline 
te) litmus })ape*r anel heat te> be>iling. Filter e)ff the fe'rrie; hydroxide anel wash 
with water e;e>ntaining a small epiantity e»f ammemium hyelroxide*. He'elissolve; 
the pm-ipitate in a little 1 : I sulphuric ae*iel, adding a little hyelrogen ])(‘re)xiele 
te) keep the iron in the ferric state*, anel re*f)re*cipitate in the satiie manner as that 
ele'seTilx*el abe»ve. In i)re*se*nce e)f comparative*ly large amounts e)f iron the basic 
act*tate sei)aration e»f irem is n(*c(*ssary, as F(*{()II)s e)ce*lude*s cobalt anel nickel. 
The tiltrate*s fremi the*se* pre*e'ij)itations are aelelcd to the main e)ne. 

In ele*termining the cobalt in nn'tullie cobalt it is ueit n(*c(*ssaiy te) filler off the 
ire)n pre*ci|)itate, if this is small, as it has been foiinel by W. L. Itigg, of l)eile)re), 
Ontarie), that this i)re*cipitale eloe-s ne)t infe*rf('re with the accurae*y e)f the ele*te*r- 
minatieui. The* ireai eonte*nt may be* eip tei without interfering serienisly ivith 
the e*le*e‘trolysis. 

Tins solutiem is nuule ammoniacal W'ilh at) cc. of streuig ammonium hyelroxiele 
and elcctrolj'zeel as fle*se*ribe*d abeive*. 


Cobalt ill Metallic Nickel 

'riie e*e)balt in mettallic nie*ke*l n ay be* ele*termineel by pre*cij)itation with pe)tas- 
sium nitrite from a solutieui e)f the sample containing an e*xcess e)f ace*tic acid. 
'I'he pr(*e‘ipitatc is filtereel off anel elissolve’el in hot sulphuric acitl solution, after 
whie*h the solution is e*vaporate*el to fume*s e)f sulphur trioxielo anel carefully 
dilute*el. 'I'lic 'exe*e'ss of ae-iel is neutraUz(*d anel maelc strongly ammoniacal with 
ammonium h 3 'elre)xielo. 'I'he solution is then ele;ctre)l.vze‘d as i)revie)usly deseTibed. 

Procedure. I)isse)lve 5 grams e)f the)re)Ughly mixexl drillings in a n'inimum 
quantity of nitric acid. KvaiM)ratc te> a sj'riii). Care must bo e'xe*re*i.seel at this 
pe>int to prevenit evaiMirating toe) far ami eU*c.)mposing the nitrate's. Dissolve 
in 50 ce*. of W’ater. Neutralize with a prae*tically saturated se)luti.')n e)f soelium 
e*arbonate. Fe)r this puriM)so a dro])ping bottle is very conve*nie*nt. Itender 
slightly acid with ace*tie* acid and add an excess e)f 10 ce*. e)f 1 : 1 acetic acid. Heat 
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to aknust boiling and add JO cc. of a solution of potassium iiitrito to which 
has boon added 10 c‘c. of glacial acetic acid jx'r 100 cc. «)f solution. 'I'his solu- 
tion mu.st also bo nearly boiling and should bo added while gently rotating the 
nickel solution. Wash down the sides of the beaker with a 1% solution of 
potassium nitrite containing 1 cc. glacial acetic acid jKjr liter. Allow to stand 
for at least six hours and preforablj'’ overnight. Filter through a thick, 9-cm. 
filter paper without previous wetting. Considenible care is retiuircd to keep the 
precipitate well down in the ai)ex of the filter paiM*r cone, as it creeps very badly. 
Wash about ten times with the warm nitrite solution mentioned alxjA’e. I Jftgently 
from the funnel and ojmmi the filter pain " into a beaker. Lay the palmer against 
the side of the beaker with the outside against the ghiss. This leaves the paper 
adhering to th(! side of the beaker in a most convc'iiitMit p«)Sition for washing. 
Wash down as much of the i)re<-ii)il.atc as ])o.ssibl<; with about JO cc. of 1 : 1 sul- 
phuric acid solution, heated to about SO® (h This should leave only a slight 
film of pn'cipitate on the paper. Kct*p the solution at about SO® aiul wash 
the ])aper live times with the warm sulphuric acid solution, using about 10 cc, 
each time, gradually withdrawing tin? p;i|M‘r from th(! top of the beak<*r. (Jive 
a liiud wash with hot water and ,s(|ueeze the last drops from the filter jiaper into 
the beaker. Kvaporate ami allow to fume strongly for ten minute.s. Add water 
in a cooling trough until the voliina* is about doubhul. Neutralize with ammo- 
nium hydroxide and add ;in excess of oO cc. of strong ammonium hydroxide and 
electrolyze as described in Precipitation of (’obalt by Electrolysis. 

Cobalt in Ores and Enamels ^ 

The determination of cobalt in ores and onanuds is usually made by a slight 
v^ariation of the above methods. 'Fhe silica is sefiarateil in the usual manner 
by taking down t«) drj'uess with hydrochloric acid and the warmed .solution is 
treated with hydrogen sulphidi' to precipitate sulphides insohil)l(! in acitl solution. 
Aluminum, chromium and iron are preci|)ilated by adtling ammonium hydrox- 
ide to th(* oxidizi'd solution. In tlu! enamel industry it has b.-en the jn-actico 
to follow 11. W. Lindrum’s method, in which the* cobalt, manganese and nickel 
are ])recipitated togethi'r as sulphides and tiltcT(‘d olT. The mangan(;se is dis- 
solved from this jm^-ipitate with cold hyclrogen sulphide’ water acidified with 
oiK'-tifth its volume of hydrochloric a<-id (.sp.gr. l.lJli. The residue f)f cobalt 
sulphide is burned in a pori’clain crucibh*, dissolved in acjua regia ami evap- 
orated with hydrochloric a«'id. 'Phe ])latinum and cojjpcT, if they arc ])r(‘sent, 
are throAvn down by passing hydrogtm sulphide through the solution. The 
tiltratc is made ammoniacal and the cobalt is precipitated with hydrogem .sul- 
phide. This is filti'red olT and washed with water containing a small (juan- 
tity of ammonium sulphhle. The precipitate is either ignited and weighed .as 
oxide or re<luced in hydrog(.*n to metallic cobalt, taking care to cool it thor- 
oughly in an atmosiila're of hydnjgen before allowing it to come into contact 
with the atmosjjhere of the room, as finely divided cobalt is decidedly pyroi>horic 
and oxidizes readily, particularly if reduciid at a low temixjrature. 

Tnstc'ad of igniting the sulphide jirecipitate it may Ixj dissolved in hot 1 : 1 
sul])huric acitl solution with the aid of a little nitric acid and treated as described 
under Precipitatkin of (.’obalt by I'llectrolysis. 


^ K. W. Landnun, Trans. Am. Cer. Soc., 12 , 1910. 



148 


COBALT 


Cobalt in Steel 

This determination is a modification of the nitroso-beta-naphthol method 
already described, as worked out in the laboratory of the Firth Stirling Steel 
Company, McKeesjX)rt, Pa. The procedure as descrilwd by Mr. Ciles, Chief 
Chemist, is as follows. 

Two grams of the sample are weighed into a 500-cc. Erlenmeyer flask and 
dissolved in 50 cc. of concentrated hydrochloric acid. When the sample is 
completely decomposed 10 cc. of concentrated nitric acid are added to oxidize 
the iron, tungsten, etc. The solution is evaix)rated to 10 cc.; 50 cc. of wat(ir 
are added; the eontents of the flsisk arc then transferred to a 5()0-cc. volumetric 
flask and cooled to njom temix'rature. A fresh sohdion of zinc oxide is add(;d 
m slight excess, the contents of the flask diluted to the mark, well mixed, trans- 
ferred back to the original Erlenmeyer fljusk and allowed to settle. Filter 2.50 
cc. (equivalent to 1 gram of the sainjile) through a dry filter paper, transfer it 
to a 5()0-cc. flask, then add 0 cc. of concentrated hydrocldoric acid. 

I’lic solution, which should Jiow be between 300 and 350 cc. in volume, is 
Ijeated to boiling and 10 cc. of freshly pre[>ar('d solution of nitroso-beta-naphthol 
(I gram of salt to 10 cc. glacial ac(»tic acid) are added for each 0.025 gram of 
cobalt present. Continue to heat for two minutes, nniiove from plate, shake; 
well, and set aside until the bright rc;d precipitate settles, whicdi will only take 
a few minutes. Filter the hot solution and wash the flask out with hot 1 : 1 
hydrochloric acid and then wash the flask out with hot acid of the same strength. 
Wash the paixjr alternately with hot (1 : 1) hydrochloric acid and hot water 
until it has boon wa.shed five times with the acid, then wash ten times with hot 
water. The precipitate is transferred to a quartz or porcelain crucible, heated 
gently to exiiel the carbonaceous matter, then at a high temperature until ignition 
is complete. After cooling the crucible is weighed and the weight of the residue 
(C03O4) is multiplied by 0.7.34 to obtajn the percentage of cobalt present. If 
desired the C 01 O 4 may be reduced in hydrogen and weighed as metal. 
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Cu, at,wU 63.57; 8p.gr, 8.89*®“; m.p, 1083 (in air 1005); h.p. 2310; 

oxides CU 2 O arid CuO. 

DETECTION 

Copper is precipitated in an acid solution ])y II 2 S gas, along with the other 
members of the hydrogen sulphide group. 'J'lie insolubility of its sulphide 
in sodium sulphide is a means of separating copper from arsenic, antimony, and 
tin. The sulphide dissolves in nitric acid (separation from mercury) along with 
l(!ad, bismuth, and cadmium. JavuI is precipitated as rbS 04 by sulphuric acid 
and bismuth as the hydroxide, Bi(OH) 3 , upon adding ammonium hydroxide. 
Copper passes into the filtrate, coloring this solution blue, 

Cu( 0H)2 • 2N II40H . (NlUiSCh. 

Flame Test. Substan(!es containing copper (sulphides oxidized by roasting), 
when moisten(!d with hydrocliloric aci(I ami heated on a jdatinum wire in the 
flame, give a blue color in the reducing flame and a green tinge to the oxidizing 
flame. 

Wet Tests. Nitric acid dissolves the metal or the oxides (sulphides should 
bo roasted), forming a green or bluish-green solution. Ammonium hy<lroxido 
added to this solution Avill precipitate a pale blue compound, which dissolves 
in excess with the formation of a blue solution. (Nicfkel also giv<‘s a blue color.) 

Hydrogen sulphide^ JI 2 S, passed into an acid solution containing copper, 
precipitates a brownisli-ldack sulphide, (’uS. (Distinction from nickel.) 

Copper is disjflaced from its solutifui by zinc, cadmium, tin, aluminum, lead, 
bismuth, iron, cobalt, nickel, magnesium, and phosphorus. PVom a potassium 
hydroxide solution it is precipitated by KaSnCb. If a strip of iron is placed in a 
.solution of copix'r, neutral or slightly acid, it will be coated over with metallic 
copper. (Delicacy 1 part Cu ixr 120,000 of solution.) 

1’he greenish-blue cupric salts in aci«l solution arc reduced to the colorless 
cuprous comi)ounds by metallic copper and by stannous chloride and by 
arsenious acid, grape sugar, sulphurous acid in alkaline solutions. 

ESTIMATION 

The estimation of copper is retjuired in the following substances: Tn ores^ 
of copper, in which it ocemrs as native copper or combined as sulphide, oxide, 
carbonate, chloride, and silicate. In furnace slags, mattes, concentrates, blister 
copper, bottoms. The determination of copper is required in the analysis of 

} Ores, copper pyrites, yellow copper ore, CuFeS 2 ; copper glance, CU 2 S (gray to 
bluish-black); malachite, CuCOs-CnOH-lIjO (green): azurite, 2CuCO*‘CuOHjO 
(blue); cuprite, red copper, CujO; malaconite, CuO (black); dioptase, CuOSiO»HjO 
(green vitreous). 
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alloys containing copper/ brass, l)roiizo, etc. It is occasionally looked for tun 
an undesirable impurity in food products. It is determined in salts of copper, 
in insecticides, germicides, etc. 

Preparation and Solution of the Sample 

Hydrochloric and sulphuric acids arc effective in dissolving metallic copper 
only in presence of an oxidizing agent; nitric acid is the most active solvent. The 
oxides of copper may be dissolved in hydrochloric or sulphuric acid, but nitric 
acid is commonly used. 

Ores* If the ore consists practically of a single mineral, the fineness of the 
sample need not exceed 80 mesh. If the ore is a mixture of minerals, lean and 
rich in coi)per, the laboratory sample should pass a 120-mesh sieve. 

Metallic particles or masses arc separated at some stage in the process of 
sampling and made into a separate sample. If the metallic portion is a small 
percentage of the total sample and consists of parti(‘les, tlie (H)i)per value of 
which is known to vary by a few percent, no attempt is made to refine the sample 
of such, but a large portion, 10 100 grams, is takcMi for analysis and the copper 
determined in an alicpiot i)art of the solution. If the metallic masses arc a large 
ix^rcentage of the sample, large of size, or consisting of particles differing widely 
in copper content, a weighed amount of 1 to oO lbs. is melted in a graphite crucible, 
with addition of suitable fluxes, such as powdered silica or lim(% if nec^essary. 
Separate samples arc made of the weighed prcxlucts of the fusion and the cop[)er 
content of the material bi'fore melting calculated from their analyses. Tlie amount 
of the sample taken for analysis depends upon the ri(‘hn(‘ss of the on^: as a general 
rule 0.r» to 1 gram sample is taken of ores containing ovtT cop[)er, 2 grams 

of 10 to 30% cop{)er ores and 5 grams of ores containing less than 10^/^ copper. 

Sulphide Ores. Copper Pyrites, Copper Glance, Iron Pyrites, etc. One 
to five grams of the finely ground ore is dissolved in a flask )>}’' adding 10 to 20 
cc. of dilute nitric acid (sp.gr. 1.2), warming gcadly for about fifteen minutes. 
The solution is evaporated to snudl volume and nitric acid expell(‘d by either 
taking to dryn(*ss, after adding liydrochloric acid, or to SOs funu^s, upon the 
addition of 5 t<) 10 cc. of dilute? sulphuric acid, 1:1. In presence of lead the 
latter pro(*edure is reconuiKaided. 

The residue is taken up with 20 cc. of water acidulated with sulphuric acid 
(109^) dilutiMl to about 150 cc. and the mixture brought to boiling. Lead sul- 
phate, if present, is filterc'd ofT togetluT with silica, and copi)er passes into the 
solution. 

CopiXT may now be separatetl from other interfering elements by one of 
the }>rocedures outlined under Separations, then determined gravimetricall 3 '' 
or volumetrically. 

Nt>TKS. ''rhe sulphur that appears upon adding acid to the ore, with proper 

K recautioiis, should be yellow. If it is dark and opaejue, the solution has been over- 
eated, and some of the ore hns been occhuled. It is advisable in this case to remove 
the globule of sulphur and oxidize it separately with bromine and nitric acid, then 
boil out the bromine and add the solution to the r(?st of the sample. 

Sulphide ores may be treatetl acconling to the proccxliiro recommended for iron 
j>yrites in the chapter on Sulphur, the ore lacing decomf)osed with a mixture of bro- 
mine and carbon tetrachloride, 2 ; 3, followed by nitric acid and then sulphuric acid. 

* Alloys of zinc, tin and zinc, aluminum, silver, nickel, manganese, and gold. 
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Matte. 0.5 to 1 gram of llio fine ssunple is dissolved in nitric acid and 
evaporated with sulphuric acid as in case of onss. 

Oxidized Ores, Oxides, etc. The sample is dissolved in nitric acid and 
evajiorateil with dilute sulphuric acid to jwistiness, and then heated to SOs 
fuires. Tro<|Ucntly a dir(‘ct treatment Avith dilute sulpimric acid or with hydro- 
chloric acid m.ay be emiiloyed. 

Treatment of Matte Slag. Only by quick quenching of the molten slag is 
decomivisition of the samiile by aiads made possible, without preliminary treat- 
ment with hydrofluoric acid. As a rule lime slags are readily decomposed by 
mixed acids. Extremely acid, or iron ‘‘lags, are apt to be refractory and are 
decomposed with most certainty by treaunent with hydrofluoric acid followed by 
fusion with pota.ssium bisul[)hate. 

The following scheme (White — Chemist Analyst, July, 1!)12) of attack, which 
also can be applied to silicious ores, with .skilful mani]>uIalion gives very satis- 
factory results: 

One gram of the 100 mesh fine slag is placed in a 2.50 cc. beaker of .Tena glass, 
moistened with water, mixed with cc. of suljihuric acid (sp.gr. 1.54), and 
(hen, while the particles of the .slag are in suspension through rotary movement 
of the beaker, 15 cc. liA'drochloric acid are added, 'fhe .silica is gelatinized in 

2 or minutes liy heating the beaker over a free flame. Oiu^ cc. nitric acid followed 
by a few drops of hydrofluoric aciil are added, and the heating continued in a 
hood until the material is nearly dry, and then to strong sul|)liuric acid fumes 
on a hot plate. When cool, 4 cc. of sulphuric acid (sp.gr. 1.54) are added. 

The remainder of the jiroci'diire dep<*nds uiion the method that is to lie fol- 
lowed in (he determination of coiiper. If the electrolytic method is preferred, 

3 cc. of nitric .acid .are ad<' I; tlu‘ ma.ss he.ated until .solution is elTected, the li(|uid 
diluted to 175 cc. with cold, ilistilled water, and copper plated out in 20 3.5 
minutes, using a rotating anode and 2.J amperes current. 

If the iodide method is to be followed, without addition of other acid than sul- 
phuric, the m.ass is .again heated to fumes. When cooled, 2.5-30 cc. water and 
5 cc. hydrochloric acki are ailded and the liqukl boiled until clear. After addition 
of 40 cc. satur.atial solution of sodium ac<*tate, solution of .sodium fluoride is 

added until the color of haaac acetate is discharged, and tluai an excess of 10 cc. 
When cold, titration is commencetl, using a thio.sulphate solution with a cop|jer 
equivalent of 0.(K)05 g. per cc. 

The following ciuick nadhod has beiai systematically and satisfactorily checked 
for.*! longiK*riod b^' a hydrofluoritr acid-bisuljih.ate fusion method, by which cop- 
jxjr, precipitated as a sulphide, is ignited, the oxide dis.solved in nitric ackl and 
copiK*r determined by electrolysis. 

Three grams of the KK) mesh fine .sanqile are jilaced in an 8(X) cc. .Jena beaker. 
The slag is .spread ovisr the botbrni of the beaker, and while in motion 5 cc. 
of .sulphuric acid are added rapidly to prevent the slag gathering into a mass. 
After addition of 40 cc. hydrochloric acid, the beaker is heated over a bare flame 
for about 3 minutes until the silica has gelatinized. To the hot solution nitric 


acid is added, drop by drop, until the liquid b(‘coincs dark brown. To the liquid, 
while in a state of agitation, 1-2 cc. hyilrofluoric acid are added and the mix- 
ture boiled until the solution is complete. The liijuid is dilubul to 400 cc. and 
saturated with hydrogen sulphide and the precipitate filtered and washed as 
usual. The copper sulphide is ignited in a silica crucible; the residue, if washing 
of the precipitate has been thorough, can be brushed into a 260 cc. beaker dm 
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dissolved with a few ec. of nitric acid. After I^oilinf; gently to expel nitrogen 
gases, the free acid is neutralized with ammonia, and the solution then acidified 
with a slight excess of acetic acid. The cold solution is titrated by the iodide 
method, using a thiosulphate solution having a copper equivalent of about 0.0005 g. 
per 1 cc. 

Metals. A casting of a copper alloy and even of refined copper is not homo- 
geneous, and the zones of segregation of the constituents of the alloy (usually 
roughly parallel to the cooling surfaces) arc the more sharply defined as the 
conditions which favor diffusion of the eutectic prevail, therefore, unless the cast- 
ing be quite thin and quickly cooled, a satisfactorily representative sample of it 
cannot be obtained from a single drill hole. A single casting may be sampled by 
complete cross-sectional cuts by a suitable saw or by a series of drill holes located 
in such a manner as to amount substantially to one or more cross-sectional cuts. 
Steel is usually present as a contaminant of the drill or saw shavings from refined 
copper and the tougher alIo 3 rs and should be removed by a magnet, (.’rude 
copper, such as blister or black copfier, is sampled by drilling one hole in each 
piece of a definite fraction of the total pieces of the average lot. The position 
of the hole in successive pieces is clianged to conform with a pattern or 
“ templet ” which will cover a quarter, or half, or the coinphde top surface of 
the average piece, the " templet ” is divided into squares, preferably about 1 inch 
on a side, and in the centre of each square the ^-inch hole is drilled. The 
drillings are ground to pass a 20-mesh screen and the sample then withdrawn by 
means of a riffle sampler. 

Sampling by splashing from a molten stream and by slowly pouring the 
metal into water are methofls frequently practiced. The size of the particles, 
the degree of homogeneity and the limit of accuracy of result required are factors 
which determine whether one or more grams of the sample should bo taken for 
analysis. 

Iron Ores and Iron Ore Briquettes. A 5-gram s:imple of the finely 
divided material is fu.sed in a largo ])latinuiu dish with 40 grams of purti i)otas- 
sium bisul(>hate. If the ore is high in sulphur, it should be roasted by lieating 
to redness in a silica t>r jjorcelain crucible before placing in the platinum dish 
and mixing with the bisulphate. 

The c(H)led fusion is broken up into small i)ieces and jdaced in an 800-cc. 
beaker with clock-glass cover. Tlmio hundred c-c. of hot water and 25 cc. of 
stnmg hydrochloric acid arc adtled and the fusion is boiled until it passes into 
solution. If an appreciable residue remains, the solution is filtered, the residue 
fused with additional bisulphate, then dissolved in hot dilute acid and the 
filtrate added to the first solution. Silica and barium sulphate remain in the 
residue. 

The solution is now reduced and copper precipitated according to directions 
given under “Separation of (’opper by Precipitatu)n in Metallic Form by a 
more Positive Element,” aluminum powder being preferably used. 

The precipitated copper is filtered free from iron and other commonly 
occurring impurities, then dissolved by pouring on the precipitated metal 30 
cc. of hot dilute nitric acid, 1:1, followed by 10 cc. of bromine water and then 
10 cc. of hot water. The filter paper is removed, ignited and the ash added to 
the cojiper solution. The whole solution is now evaporated to small volume 
and determined, preferably, by the “Potassium Iodide” method as described 
under the volumetric procedures. 
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Steel, Cast Iron, and Alloy Steels.^ From 3 to 5 grams of steel, depending 
upon the amount of copixjr present, aro dissolved in a mixture of GO ce. of 
water and 7 cc. of sulphuric acid (sp.gr. 1.84) in a 25()-cc. beaker. After all 
action has ceased, a strip of sheet aluminum, 1 J ins. square, bent so that it will 
stand upright in the beaker, is placed in the solution. 

After boiling the solution for twenty to twenty-five minutes, which is suf- 
ficient to precipitate all of the copper in the sample, the beaker is removed 
from the heat and the cover and the sides washed down with cold water. The 
liquid is decanted through an ll-cm. filter, the precipitate washed three times 
with water, then placed with the filter in a 100-cc. beaker, and 8 cc. of con- 
centrated nitric acid and 15 cc. of water are poured over the aluminum and 
the solution heated to boiling. 'I'liis hot solution is poured over the precipitate 
and filter in the 100-cc. beaker, and l)oilcd until the paper becomes a fine pulp, 
only a few minutes being requiml. The solution is filtered, the residue washed 
several times with hot water and the filtrate and washings, not over 200 cc., 
are received in an electrohdiic beaker, 2 cc. of concentrated sulphuric acid added 
and the solution electrolyzed, using a current of 2 amperes with an E.M.F. 
of 2 volts. With gauze catliodcs and anodes the deposition is complete in an 
hour and a half. 


SEPARATIONS 

Isolation of copper in presence of large amounts of iron, or in substances 
containing nickel, cobalt, zinc, bismuth, cadmium, etc., may be accomplished 
by precipitation of the element as cuprous sulphocyanate according to the 
following procedure : 

Precipitation of Copper as Sulphocyanate. Nitric acid having been 
expelled from the sample, the sohition, 50-100 cc., is nearly neutralized with 
sodium carbonate and the copper reiIuco<l by addition of sodium bisulphite 
or metabisulpliite or by passing in SO* gas. The solution is gently warmed 
and potassium sulphocyanate r<*agent atlded (50 grams KCNS salt per liter), 
until no further precipitation takes place. The sulj^hocyanatc solution may Imj 
prepared by addition of 50 grains of potassium bisulphite or metabisulpliite 
to the above reagent, 'riie preliminary reduction of copper is then unneces- 
sary, as reduction takes jilace with aildition of the reagent. After settling, 
the precipitate is collectecl on a filter and washed free of acid, first washing 
with the precipitating reagent, then with anunonium acetate solution and 
finally with water. 

The precipitate may now be dissolved in nitric acid and evaporated to near 
dryness with sulphuric acid and copper determined by electrol 3 rsis or by potas- 
sium iodide procedure. 

The precipitated cuprous sulphocyanate may be weighed after drying at 
100“ C., the compound having been collected in a weighed (Jooch crucible. The 
compound multiplied by 0.522 i gives the equivalent metallic copper. 

The precipitate may be dried and burned with sulphur and the residue weighed 
as cuprous sulphide, Cu*S. This multiplied by 0.7986 gives the equivalent weight 
of copper. 

Reaction. 2CuS04-l-2KCNS+S0,-|- 211,0 -2CuCNS-f 2H,SO«-f KjSO,. 

^ W. B. Price, Jour. Ind. Eng. Chem., Vol. C, No. 9, p. 170. 



154 


COPPER 


Note. Cuprous sulphooyanate is insoluble in water and in dilute hydrochlono 
add. With the exception of silver, selenium and tellurium, copiier is the only metal 
that is predpitated in hydrochloric add solution by potasdum dilphopyanate, hence 
it may be separated from ot^er dements that would interfere in its determination by 
this method. 

Separation of Copper by Precipitation in Metallic Form by a More Posi- 
tive Element. Metallic aluminum or zinc is more commonly used in this 
procedure. A strip of pure aluminum or zinc, placed in the neutral or slightly 
acid solution, causes the complete deposition of copper. The copper is removed 
mechanically from the displacing metal and dissolved in nitric acid and then 
estimated, or the aluminum may be dissolved with the copper. 

A method of precipitation by means of powdered aluminum is recom- 
mended especially for separation of copper from largo amounts of iron, iron 
ores and iron ore briquettes. The solution of the bisulphate fusion of the iron 
ore is heated until bubbles appear over the bottom of the containing beaker. 
Aluminum powder is now added in small portions at a time, in sufficient <iuantity 
to reduce the iron, the solution becoming colorless. The solution is now heated 
until the aluminum completely dissolves. Metallic copper is precipitated. It 
is advisable to add 2.5 cc. of water saturated with H 2 S gas to precipitate traces 
of copper in solution. The solution is filtered while hot through a filter (S. 
& S. No, .589), and washed six times, keeping the residue covered with water 
to prevent oxidation by air. The copper is now dissolved in hot dilute nitric 
acid, evaporated to small volume and determined by the procedure preferred. 
The potassium iotlide method gives excellent results. 

Separation of Copper from Members of die Ammonium Sulphide and 
Subsequent Groups by Precipitation as Copper Sulphide in Acid Solution. 
The solution containing free hydrochloric or sulphuric acid is .saturated with II 2 S 
gas,‘ the precipitated copp(;r sulphide (together with the members of the grouj)), 
is filtered and washed, first with water containing II 2 S and finally with a little 
pure W'uter. The residue is dissolved in nitric acid and the resulting solution 
examined for copper. 

Removal of Silver. I'his clement is precipitated as the insoluble chloride, 
AgCi, by addition «)f hyrlrochloric acid, and may be removed by filtration, i-opper 
passing into the filtrate. 

Removal of Bismuth. Upon adding ammonium hydroxide to a solution 
containing copper and bismuth the latter is precipitated as Bi(OII)» and may 
be removed by filtration. Copper passes into the filtrate as the doxiblo ammo- 
nium salt. Ammonium carbonate or potassium cyanide may bo used instead 
of ammonium hydroxide. 

Removal of Lead. Lead is precipitated by sulphuric acid as PbS 04 and 
may be removed by filtration, copper pa.s.sing into the filtrate. 

Removal of Mercury. The sulphide of mercury remains undissolved when 
the precipitated’ sulphides are treated with dilute nitric acid, copper sulphide 
dis.solving<Fcadily. 

Removal of Arsenic, Antimony, and Tin. These elements may be re- 
moved by dissolving their sulphides writh a mixture of sodium sulphide and 
sodium hydroxide. Copper sulphide remains insoluble. 

* Copper may bo precipitated as the sulphide by nearly neutralizing the free acid 
with sodium hydroxide, warming the solution and adding crystals of sodium thiosul- 
phate. Upon boiling black sulphide of copper is preeijutated together with free 
sulphur. 
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In an alloy tin and antimony may be precipitated as oxides by evaporation 
of the solution of the alloy with strong nitric acid, copper remains in readily 
soluble form. 

Separation from Cadmium. The sulphides in a solution of dilute sul- 
phuric acid, 1 : 4, are boiled and HaS gas passed in for twenty minutes, the 
solution being kept at boiling temperature. Cadmium sulphide dissolves while 
copper sulphide remains unaffected. The solution is filtered hot, the air above 
the filter being displaced by COa to prevent oxidation. Traces of cad mi u m are 
removed by repeating the operation. (Method by A. W. Hofmann.) 


GRAVIMETRIC DETERMINATIONS OF COPPER 

Deposition of Metallic Copper by Electrolysis 

The electrolytic method of determining copper is the must accurate of the 
gravimetric methods. This deposition may conveniently be made from acid 
solutions containing free nitric or sulphuric acid) or from an ammoniacal solution. 



Pia. 27. — ^Terminal Case Showing Battery of Electrodes for Electrolytic Deposition 

of Copper. 

The end sought by this method is to plate out all, except a trace, of the 
copjier in the form of an evenly distributed, firmly adherent, very finely crystal- 
line deposit, which is free from a weighable amount of impurity. 
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In ores, mattes, alloys (from which lead has been removed as the sulphate 
by taking the solution to fUmcs with sulphuric acid) deposition by electrolysis, 
from a solution containing free sulphuric acid, is (sonvenient. On the other 
hand, dciiosition from a nitric acid solution is advantageous under conditions 
where this reagent has been used as a solvent and evaporation with sulphuric acid 
is unnecessary. This is the case in the analysis of certain alloys and the deter- 
mination of copper from which impurities have been largely removed. Deposi- 
tion from an ammoniacal solution is recommended when the copper salt con- 
tains chlorides and it is desired to avoid evaporation with sulphuric acid. A 
chloride in an acid solution gives rise to a spongy deposit of copper, and endangers 
a solvent action on the anode and deposition of platinum on the cathode. 

Conditions other than the presence of precipitable impurities, which affect the 
character of the deposit are — quantity and concentration of copper, size and 
shape of electrodes, current density, uniformity of distribution of current to the 
cathode, volume, temperature and rate of circulation of the electrolyte, and 
concentration of oxidizing agents such 'as nitric acid and ferric salts. Inas- 
much as the change of one condition limits or makes possible or necessary a modi- 
fication of others, a large number of practicable combinations of conditions arc 
possible. For discussion of these conditions reference' is made to articles by 
Blasdale and Cruess, Jour. Am. Chem. Soc. Oct. 1910, 1264; and by Richards 
and Bisbee, Jour. Am. Chem. Soc., May, 1904, 530. 

By the feature of rate of deposition, electrolytic methods may Iks clas.sificd 
as “ slow ” or “ rapid.” The slow methods, with 12 to 24 hour periods of clec- 
iroly.sis, are practiced when extreme accuracy is required, or when the distribution 
of lalwratory labor and time allowed for completion of the assays permit 
their economical employment. The electrolyte is a .solution of sulphab; salts of 
the metals present, ammonium .sulphate or nitrate, and a (piantity of free nitric 
acid, which varies with the amount of copper and ferric sjilts j)resent, and the 
current density employed. The oxidizing effect of nitric acid is intensified by the 
presence of ferric ions.* Electrolysi.s is carried out at room temixirature, Jit cur- 
rent densities varying from ND/100,0.15 to 0..5amp<;res; and deposition on plain, 
corrugated, slit or perforated platinum cyliiulers from 0.75 to 2 itn diameter 
having 50 to 200 cm. deixisiting surface. A perforated cylinder jiermits freedom 
of circulation between the two surfaces of the electrode, the most even distri- 
bution of current density, and produces the most uniform coaling of the foil. 
On account of the effect on the character of the deposit by oxygen lodging 
in regions of the cathode where the current density and circulation is least, the 
anode should l)e of such a form that all the ga.s liberated will be in the zone of 
maximum circulation. To procure uniform behavior under given conditions the 
size and shape of the electrolytic beaker should be such as to present the smalle.st 
practicable volume of electfolyte between the outer surface of the cylinder and 
the inside of the beaker. An unclosed seam or ri vetted joint in a negative 
electrode will hold tenaciously salts which rc(|uirc cxtrertie care to remove. It is 
probable that such recesses retain traces of the electrolyte underneath the coal- 
ing of copper. 

Rapid methods have a tendency to procure high results, resolution and 
mechanical loss through misting having been prevented. Dcptjsilion is hastened 
by increasing the rate of circulation and the current density. Circulation is 

* Larison, Eng. and Min. Jour. 84, 442. Fairlic and Koonc, Elect and Met. Ind. 
6,58.) 
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promoted by the use of the Rauze eathode,* by rotating either cathode,* or by 
placing the vessel, containing the solution and electrodes, in a field of clectro- 
magn(!ti(! forco.” (2ui(;k dciM»sition of a quality sjitisfactory for some classes of 
work is brought about by increase of current density upon an eibctrolyte heated 
to 50“ to 80“ C. In all the (]uick methods, the progress of electrolysis should be 
watched, and the cathode removed as soon as* completion of deposition is de- 
tected by the evolution of. gas about its surface. The completion of action i-s 
ascertained with greater certainty by addition of water to the electrolyte and 
observing whether the newly exposed surface of the cathode remains bright. 
When the electrolyte is hot or has a high acid content, detachment of the cathode 
should be preceded by removal of the electrolyte and simultaneously washing 
the cathode without interruption of the current. A s3rphon may be employed, 
water being added as the liquid drains from the beaker until the acid is removed. 

RAPID METHODS 

Rapid Deposition of Copper— Solenoid Method of Heath ^ 

The solenoid is made by winding 500 turns of No. 13 B and S gauge magnet 
wire upon a copper cylinder in, in diameter, in. liigh, ^ in. thickness of 
metal. The cylinder Ls 
brazed water tight at the 
bottom to a 5-1 in. disc of 
in. soft steel. In this 
disc is a 1-in. hole for the 
insertion of a rubber plug, 
through which glass tubes 
may be inserted for inlet 
and outlet of air or water 
to cool the electrolytic 
beaker. A steel disq of 
the same size as the bot- 
tom and with an u]xniing 
to fit is brazed to the top 
of the cylinder. The sole- 
noid thus made is suitable 
for a 300 cc‘. liple.ss beaker 
in. high and 21 in. 
diameter. The solenoid 
coil may be in series in the 
electrolytic line or excited 
separately. 

The negative electrode is of gauze 40 meshes ])er linear Inch, with a depositing 
surface of 100 cm. and is slit to jx;rmii quick removal from the electrolyte. 

* Stoddard, Jour. Am. Chem. Soc,, 1909, 385. Price and Humphreys, Jour. Soc* 
Chem. Ind., 1910, 307. 

* Eng. and Min. .Tour., 89, 89, 1910. 

* Frary, .Jour. Am. Chem. Soc., Nov,, 1907, 1592. Heath, Jour. Ind. Eng. Chem., 
Feb., 1911, 74. 

^ Heath, Jour. Ind. Eng. Chem., Feb., 1911, 70. 
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Procedure. Five grams of the thoroughly cleaned copper sample are dissolved 
in the covered electrolytic Ix'tikcr on a stonin plate with 40 cc. of stock acid solu- 
tion composed of 7 parts (1.42 .sp.gr.) nitric acid, 10 parts sulphuric aci«l (1.S4 
sp.gr.) and 25 parts by volume of water. The temperature during the solution 
is kept ju.st l^elow the lx>iling jjoint, .'>0 cc. of the stock solut ion is ihsed for copjxjr 
containing 0.03 to 0.1 jier cent of arsenic, 00 cc. for material containing 0.11 to 
0.5 jKjr cent arsenic. The electrolyte is diluted to 120 cc. A current of 4.5 
ampere.s is tised for the electrolysis and the same amount emidoyi^d to e.xcitc the 
solenoid. During the depo.sition a double pair of watch glasses cover lightly 
the beaker until the color of the eIectrol>i« fades out, when they are rinsed and 
removed. In about 30 minutes a test for completion of deposition is made 
by withdrawal of 1 cc. onto a iKircclaiii tile and treating with a few drojis of 
freshly prepared hydrogen sulphide water. Tins test will detect the presence of 
0.000005 g. copper or more remaining in the solution. The determination is 
complete in two and a half hours. 

Notes. The advantage of the solenoid over any mechanical device for the rota- 
tion of electrodes is due to the prevention of loss by spraying from the anode, as the 
beaker can be covered v ith a double pair of watch glasses. 

Rcf^ults range from 0.003 to 0.01 per cent higher than the authors .slow method of 
assay of refined copper, and is due to platinum from the anode, which is corroded by 
the influence of heat, nascent nitrous acid and high current. 

Deposition from Nitric Acid Solution. The solution should not contain 
over 2-3 cc. of free concentrated nitric acid. If more than this is present, 
the solution is evaporated to exiiel most of the acid, the remainder neutralized 
with ammonia and the requisite amount of nitric acid added. The solution is 
diluted to 100 cc., warmed to 50° or 60° C. and electrolyzed with a current of 1 
amfiere and 2-2.5 volts. Two hours are sufficient to dcixisit 0.3 gram copixir. Since 
nitric acid acts vigorously on copper, it is necessary to wash out the acid from the 
beaker before breaking the current. (See method for copper in alloys, page 175.) 

Deposition from an Ammoniacal Solution. Ammonium h 3 'droxidc is 
added to the solution containing copper tmtil the precii)itate, first formed, dis- 
solves. Twenty to twenty-five cc. of ammonium hydro.\ide (sp.gr. 0.96) are 
required for 0.5 gram copper or 30-35 cc. for 1 gram. Tlirce to four grams 
of ammonium nitrate are added and the solution clectrolj'zed with a current 
of ND/100 =2 amperes. The electrodes are washed, without brotiking the 
current, until the ammonia and nitrate arc removed. 

Lead, bismuth, mercury, cadmium, zinc and nickel should be absent from 
the ammoniacal solution. Arsenic is not dcfjosited. Unless a very pure platinum 
anode is used, platinum may contaminate the dc|X)sit appreciably. Jena or other 
brand of zinc borate resistance glass should not be used for the electrolytic beaker. 

SLOW METHODS 

Electrolytic Determination of Copper in Blister Copper 

The sample should Imj no coarser than 20 nmsh. Uecau.se fine particles are 
comparatively poor in copper, exlreme care must be taken in drawing the 
portion for analysis to preserve the ratio of the coarse to fine. Some analysts, 
to avoid sampling error, sieve the coarse from the 40 or 60 mesh fine and either 
make a separate analysis of each weighed product, or weigh into a single test 
the due proportion of each. Others draw a large jmrtion, by means of a riffle 
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(Fig. 20) or sitnilar sampliiiK doviofi and from i(s solution in a volumetric flask, 
pijjotte an aliquot part o(iuivalont to one or more grams. 

Hy the small portion method insoluble matter must he removed by filtration. 
When the sami)le contains an insignificant quantity of insoluble matter, the prac- 
tice is to deposit the silver with the copjier and 
make a eornu'tion for its prese'iiee in aceordsince 
with the it'sult <»f the silver assay of the siimjde. 

liy the larger jKirtion method, in.soluble 
matter and silver, as .silver chloride, is removed 
from the electrolyte by sedimentation in the 
volumetric flask. 

Procedure. Small Portion Method. The 

coarse and fine jwrtions are quartered down 
to c(mvcnient amounts an<l from these a 6- 
gram composite weighed, which contains the 
coarse and fine portions in ratio of their per- 
centage weights. The sample is placed in a 
350-cc. tail-form beaker, without lip and with 
flaring rim. Fifty cc. of chlorine-free, stock 
acid solution (15 parts nitric and 5 parts sul- 
phuric acids) are added, the l)eaker covered 
with a funnel (stem up), which just fits in the 
rim, and the mixture heated gently at first and 
finally to boiling. When the sample has 
dissolved, 5 cc. saturatetl solution of am- 
monium nitrate are added and the sample diluted to 200 cc. with water. 

When the electrolyte has cooled to room temiierature the electrodes are intro- 
duced, the beaker covered with split watch glasses and electrolysis started with a cur- 
rent of .05 ampere and continued until the appearance of the foil indicates that the 
silver has deposited. The current is thenraised to ND/100 = .75 ampere and this 
continued for twenty to twenty-two hours, or until the appearance of gas about the 
negative electrode indicates that deposition of the copper is practically complete. 
For the unexperienced a simple method is to add a little water to the electrolyte 
without breaking the current and after 15 minutes to observe whether any depo- 
sition or copper takes place on the freshly exposed surface. The watch glasses and 
electrode stems should be rinsed when the electrolysis has continued 15-16 hours. 

Procedure. Large Portion Method.^ The sample is quartered by a 
riffle sampler (see Fig. 29) to an amount very clase to i 0 grams. This quan- 
tity is weighed and transferred by a paper chute into a 2000 cc. flask, which 
has been calibrated by the method of repeated delivery at constant temperature, 
of a 50 cc. overflow, dividing pipette (sec Fig. oO). The liquid employed in cali- 
brating is a copjier solution of the same composition as that for which the 
flask is to be u.sed. A cold mixture of 80 cc. sulphuric acid (sp.gr. 1.82) and 
200 cc. nitric acid (1 .42) with 500 cc. of water is added. A standard solution 
of sodium chloride is added in sufficient quantity to precipitate the silver, care 
being taken to add less than 20% excess. A bulbed condenser tube is placed 
in the neck before putting the flask on a hot plate. 

The solution is gradually lieatcd to boiling and when the solution is nearly 
complete, boiled gcmtly for one hour. This generally completely dissolves the 
^ W. G. Ferguson, Jour. Ind. and Eng. Chem., May, 1910. 



Fia. 29. — Riffle Sampler. 



160 


COPPER 


copper present. Residues of lead, tin, silver, or silica if present in appreciable 
amounts are separated at this point by filtration. 

When the solution in the flask has cooled for half an hour, water is added 
to a little above the 2000-cc. mark, giving the flask a rotary motion, during 
the addition, to mix the solution. The flask is placed in a large tank, Fig. 30, 



Fig. 30. — Constant Temperature Hath and Dividing Pipette. 

containing water and allowed to remain until it becomes of the same temperature 
as the water and very close to that of the room. The solution is then made 
exactly to the mark and allowed to settle, after thorougli mixing, by placing 
the flask again in the water tank. 

Electrolysis. Portions equivalent to 2 grams of sample are measured out 
by means of a dividing pipette, with water-jacket through which 
the tank-water flows. The solution is run into glasses, hydro- 
meter-jar in shai)e, with concave bottoms, height of glass, 6.| ins., 
diameter 2f ins.. Fig. 31. Each portion is treated with 6 cc. of 
a saturated solution of ammonium nitrate and diluted to 125 ce. 
with water. (NIENOs or (NH 4 ) 2 S 04 delays deposition of As and 
Sb until electrolyte is freed from Cu.) The electrolyte, at this 
stage, contains about 3.7 cc. of nitric acid. 

The copper is deposited by electrolysis, using a current of 
.33 ampere per 100 sq.cm., which is kept constant until deposi- 
tion is complete, about twenty hours. It is advisable to begin 
Fig. 31. the electrolysis in the evening, 6 p.m. The following morning, 
the inside of the jar, the rods of the electrodes, and the split 
watch-glasses which cover the jar are rinsed with a spray of water into the 
glass and the run continued for two or three hours. Each electrode is quickly 
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detached from the binding posts^ the cathode plunged into cold water, then 
successively into three jars of 95% alcohol, shaken free of adherent drops and 
dried by revolving rapidly over a Bunsen flame for a few seconds after ignition 
of the film of alcohol. 

The weighing of foil plus the deposit is made with as little delay as possible. 

Determination of the Copper Remaining in the Electrolytes. The elec- 
trolyte is concentrated and any residual copper precipitated as sulphide by 
II 2 S after first neutralizing the free acid and then making slightly acid with 
IICl. The copper sulphide is dissolved with a little hot HNOs and made anuno- 
niacal. The color of the solution is compared with a standard solution treated 
with the same amount of reagents as the sample, care being taken that similar 
conditions prevail when making comparison. 'Fhe electrolytes seldom contain 
over 0 , 01 % copper. 


Notes and Precautions 

Character of the Deposits. The idc\*il d(;|»osit is a s'llnion-pink color, silky 
in texture anu luster, smooth and tightly aclherent. A slightly spongy and coarsely 
crystalline deposit, although good in color and ] (‘rrectly adherent, will invariably 
give high results. A loosely adherent deposit caus<‘d by either too rajiid a dc]>osition 
at the commencement or too low a current demsity at some period of the electrolysis, 
usually shows a red tint and may give a high result on account of oxidation or a low 
rc‘sult because of tletachmciit of particles. A darkly shaded de,'osifc indicates the pres- 
ence of inii)urity in greater or less extent. If it is impossible to complete the electrol- 
ysis without this ap])earance the electrolyte should be purified. Impurities such as 
arsenic, antimony, bismuth, selenium and tollurhrn mav occur in the blister copper. 

A dark colored, hut perfectly adherent deposit is dissolved very slowly from the 
foil, in a covered electrolytic jar, by gently heating for several hours wuth about 60-70 
cc. of a solution containing 2 cc. sulphuric and 5 ec. nitric acids. When the solution 
is complete the temi^eratun^ is raised tf) expel dissolved gases. Five cc. saturated 
ammonium nitrate solution is added and the electrolyte diluted to 125 cc. When 
cooletl to room temperature, electrolysis is carried out under the same conditions as 
that of the first cl<*posit and on the same foil, if arsenic or antimony is the interfering 
iTni)urity ; on a fresh foil if selenium or tellurium has been the contaminating element. 
The undeposited cojDper is determined colon metrically in the mixture of the first and 
final electrolytes and added to the weight of the cop|Mir deposited. 

If the sample contains a large percentage of arsenic or antimony, a portion represent- 
ing 2 grams is drawn from a pipette into a Kjeldahl flask, 10 ce. of sulphuric acid added, 
and the licfuid boiled until nitric acid has been expelled. From this solution cuprous 
suli)hocyanate is pnK:ir>itated acccinling to the method d<\scribed on page 153. The 
funnel containing the filter is jJaecd in a 500 cc. flask with long neck, the filter is punc- 
tured and the pre(upitatc washed into the flask with t he least quantity of water possible, 
the adli(*rcnt precipitate is dissolved from the filter with wann dilute nitric acid, added 
cautiously to avoid violent evolution of gases from the dissolving precipitate in the 
flask. Tho washed filtcir is iiudnerated and the solution of its ash by nitric acid reserved 
for addition to the electrolyte after completion of electrolysis. When solution of the 
precipitate is complete, the li(iuid is boiled to small volume, neutralized, and 5 cc. 
ammonium nitrate solution and 3 cc. excess free nitric acid added. The limiid is 
transfered to an electrolytic jar and electrolysis carried out in the manner already 
described. 

The amounts of bismuth, arsenic, antimony, selenium or tellurium usually found 
in blister copper may be precipitated together with iron jiresent by addition of ammonia 
to a pifietted portion. The filtered precipitate is purified of copiier by solution with 
nitric acid and rcprecipitation. The combined filtrates are neutralized, 3 1 cc. of free 
nitric acid added and the solution electrolyzed under the conditions already described. 
The nitric acid solution of the incinerated filter, carrying the iron, etc., is added to the 
electrolyte after electrolysis is complete. The undeposited copper is determined 
colorimetrically by one of the prociedures outlined on pages 165, 166 or 167. 

The dei)ositcd copjier is never absolutely pure. The total impurities seldom 
exceed 0.03%. Ag from 0.000 to O.lS^o# As from 0.000 to 0.003%; Sb from 0.000 
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to 0.004%; Se and To from 0.001 to 0.027%; Bi from 0.000 to 0.0003%. Periodical 
conmlete analyses may be made and corrections applied to the analysis when ex- 
ceedinglv accurate percentages are required. 

Too low a current density or excessive oxidizing power of the electrolyte may pro- 
duce^ high results, due to the oxidation of the deposited copper. Too high a current 
density or a deficiency of oxidizing power in the electrolyte, by causing a deposition 
of impurities, will give high results. 

The electrodes used by the Nichols Copper Co. are straight platinum wires /or 
the positive ends and cylinders in. long, 1 in. in diameter of 0.0()4 in. irido- 
platinum foil, 11 } sq. in. depositing surrace, lor the cathodes. 

A unKor.n current is essential. 

The nitric acid used should be free of iodic acid. 

The presence of oxide of nitrogen gases, or a chloride in an acid solution, will cause 
a coarsely crystalline or brittle dejiosit, under conditions which in their absence would 
produce a good plating. The deposit moreover may contain platinum from the an de 
if the electrolyte contains a chloride salt. 

Silver may be removed from the electrolyte by filtration, upon ]>reeipitation ns a 
chloride, or it may be deposited with the eop|>cr and correction iiiiulc f«)r its presence 
from the result of a separate assay. In the latter case the copper deposits in poor 
form, unless the silver be first plated out at a very low curnMit density. 

Solid mutter, unless rena)ved, will eoritaiuinate the di'posit mechanically. 

Arsenic, antimony, sc^leniuiii or tellurium have an infliK'nce on tlie physical character 
of the deposit which may ; ffect the copper result beyond the* sum of such impurities 
deposited. 

In the process of preparing an electrolyte, arsenic may lx? c^liniinated .as arsenious 
fluoride in the decomposition of silicious matcrhil by hydrofluoric acid. Sehaiium is 
ex|KdlcHl by evaporation to dryness of a hydrochloric acid solution or by fuming a sul- 
phuric acid solution. All imi)uriti4*s may be reinoveil bv o(‘clusion with fc'rric liydroxhle; 
siiveral times their weiglit of iron being added ami the hydroxide then ])reeipilal(*d with 
ammonia. In the handling of copper sedations aeeount is to be taken of the releution 
of copper in the f<*rrie hydroxitle precipitate and the combination of copper in ammo- 
niacal solution with cellulose. 

Whether impurities are dep(»sii<'d or not, appreciably high results are obtained by 
continuing electrolysis h^r some time after the electrolyte lias become iiiipoverislu'd 
of copix^r. 

Overheating of the copfier deposit, in the process of ignition of the alcohol clinging 
to the cathode*, will cause oxidation of tlie copper. .\s much as possible of tin* .alcohol 
mu.st bo shaken cdT before p.assing the* electrode rafiidly through the flame. It is iulvis- 
able to weigh the copper slmrtly after depo.sition, as prolonged contact with air is unde- 
sirable, if extreme accuracy ticsired. 

I'he (topper de'posils may be r(*movcd by plunging the elc‘ctrode, for a few nionicnts, 
in hot nitric acid. Aft«'r washing with water, tlie foil is ignitcai t4> .a clieny n*d in a 
direct colorless Hamc*. The ignition removes any grease which would be obj(*cti()iial)le, 
that may cont.aininatc the* pl.atinum. .Mcolml frequc*nlly cmitaiiis oily matter which 
will cling to the electrode in sjiite of the rapid ignitiou for drying the deposit. 


^ OTHER METHODS 

Determination as Cuprous Sulphocyanate 

The procedure has been outlined under Soi)arations on page 153. 

CuCXSX0.r>22()=Cu. 

Determination as Copper Oxide ^ 

The solution, free from ammonium salts and organic matter, is heated to 
boiling in a porcelain dish and pure potassium hydroxide solution added, drop 

Analytical Chemistry,” Tre.'idwcll and Hall. 
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by drop, until a permanent pnjcipitate, dark brown in color, is formed. The 
solution is alkaline to litmus-paper. The precipitate is washed by decantation, 
transf(!rred to the filter and washed with hot water free of alkali. The precipi- 
tate and filter arc ignited in a porcelain dish, first gently and finally with the 
full heat of a Bunsen burner. The residue is weighed as CuO. 

C^uOX0.7{)S9 =Cu. 


VOLUMETRIC METHODS FOR THE DETERMINATION 

OF COPPER 

Potassium Iodide Method 


The procedixre deixemls upon the fact that cupric salts when heated with 
potassium iodide liberate iodine, the cufxrous iodide formed being insoluble in 
dilute acetic acid is thus removed, no reversible reaction taking place. 

Reactions. 2Cu.S(),-l-4KI =2C’uI+2K.iS()4-l-Is. 

'riie liberated iodine is titrated with standard thiosulphate. 

2Xa.A()a-|-2I = Xa 2 S 40 o+ 2 NaI. 


This method is exceedingly accurate. Very few metals interfere. Bismuth, 
selenium, tri valent arsenic, antimony or iron simuld not be present. Lead, mer- 
curj’^, and silver increase the consumixtion of iodide, but do not otherwise interfere. 

Solutions. Sodium Thiosulphate. 7.5 grams of the salt, Na-^SjOa'dlLO, 
are dissolved and made to 2 liters with water. The solution is standardi^sed against 
a copper solution containing I gram of pure copper per liter, 1 cc. —0.001 gram 
C'u. Approxiinatcily tlici sana* amount of cf»p]>er is taken as will be determined 
in the ores. For high-grade copper ores and crude copj)er, etc., it is advisable 
to ])reparo a standanl thiosulphate solution ten times the above strength. The 
copper solution is made slightly ammoniacal and then acid with acetic acid. 
Potassium or so«lium iodide crystals, free from iodate, are adde<l and the liberated 
iodine titrated with the standard thiosulphate. (See Procedure.) 

Weight of cop])er takf'ii 

cc. thiosulphate reejnired 

Standard Copper Solution. One gram of purest electnxlytic, <-opper is dis- 
solved in 20 cc. of dilut(! nitric acid, sp.gr. 1.2, and the solution diluted to 1000 
cc. For .standardizing the thiosulphate to be usetl with high-grade copper 
ores, crude cojxiHir, blister copper, et»‘., a copper solution coutuiniug ten times 
the ab»)ve amount of nu'lallic cojxpers is prepared. 

I'he following additional reagents are retjuired: starch solution, solid potas- 
sium iodide, ri0% acetic aci<l solution, and other common laboratory reagents. 

Notk. Sodium thio.snlpluile is apt to change in strength upon standing, so 
that restaiulardizution is necicssarj-. 


= value of 1 cc. of the thiosulphate .solution. 


Procedure. 'I’he solution containing the copper, separated from inter- 
fering elements, by ixrecipitatiou with aluminum powxlor or potassium sulpho- 
eyanate, is evaporated to about 30 cc. and the free acid neutralized W'ith sodium 
carbonate, or ammonia, and then made slightly acid with acetic acid, 1 : 3, 
the solution becoming clear, about 3 gram.s of potassium iodide, or the equivalent 
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of a saturated solution, are added and the liberated iodine titrated with standard 
thiosulphate, the reagent being added until the brown color changes to light 
yellow and after the addition of starch solution until the blue color fades out. 
The end-point is very sharp. 

Cc. thiosulphate multiplied by value of reagent gives weight of copper in 
sample. 

Notks. Nitrous oxides should be expelled before neutralizing with alkalies. A 
large excess of acetic acid should be avoided. The solution should be cool and con- 
tain at least 6 parts of KI for 1 of Cu, o.g., 1 Cu=5.22.’U KI=al.99()5 1=3.9034 
Na*S*0» -SHif). The solution should be concentrated, 40 to 50 cc. 

Prof, (looch recommends a volume of 100 cc., containing no more than .3 cc. 
nitric, sul)>huric, or hydrochloric acids, or 25 cc. of 50% acetic acid, with 5 grams 
potassium iodide. Two to 3 grams inore of ])otnssium iodide are added if the titra- 
tions are largti. “Methods in (’hemical Analysis.” 

When ferric iron is the only disturbing impurity and no nitrates are present, the 
necessity of separation of eopjwr may lie avoided liy fixing tlie free mineral acid by 
use of sodium acetate and then arlding a clear, 4] per cent solution of sodium fluoride 
until the red (jolor of ferric .act'talc hsis blcachcMl and then .‘in excess of 10 cc. (.Jour. 
Sci. Chem. Ind., May 1.5, 191.5, p. 402,' Mott, f/hemist Analyst, .July, 1912.) 

Ars(‘nic or antimony when present in trivalent form may Ijc oxidized by treatment 
with bromine, chlorine, hydrogen |wroxidc or fxitassium [lermanganate, care being 
taken to cx]k:1 or reduce any excess of the oxidizing agent before titration. 

Potassium Cyanide Method 

This procedure is largely employed on account of its simplicity, although 
it does not possess the degree of accuracy of the Iodide Method. The procedure 
depends upon the decoloration of an ammoniacal copper solution liy potassium 
cyanide. 

The operations of the standardization of potassium cyanide and of making 
the assay should be as n(;ar alike as po.s.siblo. If iron is iiresi'iit in the a.s.say 
it should be added to the standanl copjier solution titrated, in order to become 
accustomed to the end-point in its presence. 

Silver, nickel, cobalt, cailmium, and zinc interfere and should bo removed 
if present in appreciable quantities. Precipitation of metallic copper by alumi- 
num powder, as directed under Separations, is recommended as a procedure 
for iron ores and briquettes. In presence of smaller amounts of iron, the titra- 
tion may be made in presence of iron suspended in the solution. It is not 
advisable to filter off this precipitate, as it invariably occludes copper. With 
practice, the shade of color the iron precipitate assumes at the end of the reac- 
tion serves as an indicator, so that the ojierator is assisted rather than retarded 
by its prepuce. » 

2Cu(NH,) 4SO«- jl,0-b7KCN = 

K,NH 4 Cu*(CN),-|-NH 4 CNO-}- 2 K^ 04 + 6 NH,-bH, 0 . 

Standard Potassdum Cyanide Solution. Thirty-five grams of the salt are 
dissolved in water, then diluted to 1000 cc. 

Standardization. 0.5 gram of pure copper is dis.solved in a flask by warming 
with 10 cc. of dilute nitric acid (sp.gr. 1.2), the nitrous fumes expelled by boiling, 
the solution neutralized, diluted and titrated as directed under Procedure. 

^Sutton, “Volumetric Analysis.” Davies, C N., 68, 131. J. J. and C. Beringer, 
C. N., 40, 3. Dr. Steinbeck, Z. a. C., 8, 1; C. N., 19, 181. 
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If iron is present in the samples titrated, it is advisable to add iron to the 
standanl copper solution as directed above. 

0.5 

T^/^xT* 1 X- ■ =wt. Cu per cc. of standanl KCN. 
cc. KCN solution 

Procedure. The solution containing the copper is neutralized with sodium 
carbonate or hydroxide, the reagent being added until a slight precipitate fonns. 
One f‘<;. of ammonium hydroxide is now added and the solution titrated with 
standard potassium cyanide solution, liie blue color changes to a pale pink; 
finally a colorless solution is obtained. In presence of iron, when the copper 
is ill excess of the cyanide, the iron precipitate possesses a purplish-brown color, 
but, as this excess lessens, the color liecoines lighter until it is finally an orange 
brown, the solution appearing nearly colorless. I'he reagent should be added 
from a burette drop by drop as the end-point is approached. 

Cc. KCNXfactor per cc. = weight (’ii in assay. 


COLORIMETRIC DETERMINATION OF SMALL AMOUNTS 

OF COPPER 

Potassium Ethyl Xanthate Method 

The methwl is ba.setl upon the fiu*t that potassium eth.id xanthate produces 
a yellow-i'olored compound with copjier. 'I'lie reagent add(‘d to a solution 
containing traces of copper will proiluce a yellow color varying in intensity in 
direct proportion to the amount of copper jiresent. Larger amounts of copper 
with the reagent prodin-e a bright y<*llow precipitate of copjier xanthate. Small 
(juantities of iron, l(‘ad, nickel, cobalt, zinc, or mangune.se do not interfere. The 
procedure is esi>ccially valuable for determination of the purity of salts erj's- 
tallized in copp»*r pans. 

Special Solutions. Slock Solution of Copper Sulphate. 3.0283 grams 
(-uS() 4 -.")H,!() are dissolved in water and made up to a volume of KKH) cc. One 
cc. is equivalent to ().()() I gram Cu. 

Standard Copper Sulphate. Ten cc. of the stock solution are diluted to 1000 
cc. with distilled water. One cc. =().(MKK)I gram Cu. 

Potasaium Ethyl Xanthate Solution. One gram of the salt is dissolved in 
10(K) cc. of water. Tlie solutit)n is kept in an amber-colored glass-stoppered 
lM)ttle. 

Procedure. Five grams of the substance are dissolved in 90 cc. of water 
(see note) ami the solution poured into 100-cc. Ncssler tube; 10 cc. of the potas- 
sium xanthate reagent are added and the solution mixed by means of a glass 
plunger. To a similar tube containing .*>() or 60 cc. of water are added 10 cc. 
of the xanthate reagent and then gradually drop by drop the sttindard copjier 
.solution from a 10-cc. burette (graduated in cc.) until the colors in both 
tubes match. 

If o= grams of the substance taken for analysis, 6= number of cc. standard 
copper solution required to match the sample; then 6X0.00001 X 100 -i-a =% Cu. 

Notks. The amount of the substance to be taken varies according to its copper 
content. The greater the copper contamination of the salt, the less sample required. 

The solution should be neutral or only very slightly acid. 
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111 i>lare of the Ncsslcr tubes tlie special colorimetric apparatus descii^cMl under 
Titanium and under may be used. A vciy weak copjier standard will be 

rcc|uired for the comparison tube. 

li the substance is insoluble in water the copiier is rendered solulile by treat- 
ment with nitric acid. Hydrochloric acid is added and the nitric ex])elled by ova]>o- 
ratioii. The substance is taken up with water ami the ins<jluble ^esiduc^ filtered off. 

Starch and organic matter are destroyed by addition of 10 cc. 10^ r sodium 
hydroxide + lO cc. of saturated sodium nitrate solution, then eya])oratin>^ to dryness 
and igniting. Hydrochloric acid is now added to expel the nitric acid as directed 
above. 


Ferrocyanide Method for Determination of Small Amounts 

of Copper 


Jiy this colorimetric method it is possible to detect one ])art of copper in 
2,500,000 }>arts of water. The ])rocedure depends U])on the jiurplisli to elioeolate- 
brown color produced by potassium ferrocyanide and copper* in dilute solutions. 
The procedure is applicable to the determination of coppc'r in water and may 
be used in presence of a number of elements that occur in slags. Iron also 
])roduces a colored eompound with ferrocyanide (1 jiart Fo (letectinl in bS million 
parts IIjO), so this element must bo removed from Mie solution liefore tc^sting 
for copper. 

Solutions. Standard Copper Solution. gram C'uS()4-5Il20 jier liter. 

1 cc. =0,0001 gram (\i. 

Ammonium Nitrate. 100 grams of the salt ])er litcM*. 

Pidassium Ferrocyanide. Four grams of the? salt p<n* 100 cc, of solution. 

Procedure. A volume of 5 to 20 drops of ])otassiiim ferrocyanide, accord- 
ing to tl:e amount of copper i)resent in the solution, is jdaced in a tall, cl(‘ar, 
glass cylimler or Nessler tube of 150 ec. eapaeity, 5 ec. of ammonium nitrate 
solution added and then the whole or an alicpioi portion of the neutral ^ solution 
of the assay. The mixture is dilutcnl to 150 ce. '^Fhe same amount of f(MTocyanide 
and ammonium nitrate solutions are fxmred into the eomi)arison eylimhir, placed 
side by side with the one containing the sani])le, on a white tih^ or shc*et of white 
paper. The standard copper solution is now run from a l)urotte into the 
comparison cylinder, stirring during the a(Mition, until tlie color matcla's that 
of th(5 assay. The number of cc. re(|uired multipli(‘cl by 0.0001 gives the weight 
of copper in the sample contained in the adjacent cylinder. 


Amount of (UiX 100 
\Vt. of sample com}):ired 


('ll in the sample. 


Notks. The solution must be neutral, us the copper corriTiound is soluble in ammo- 
nium hydroxide and is decoiiifiosed by the fixe<l alkaliiis. If the sriliilion conUiins free 
alkalies^ it is made slightly acid and then the acid iicaif ralizcMl with ammonia, added 
in slight excess. This is hoik'd to expel the excess of ammonia, and then tested accord- 
ing to the directions under “ Procc^dure.*' Solutions containing free acids are neu- 
tralized with ammonia. 

Iron may be removed by ]>re<*.i|jitation with ammonia. As this hydroxide occludes 
co]*per, the prcci])itate should be dLssolvcd and ^eprc^cinitated to recover the occluded 
coi>rer. 

Determination of copper in water is accomplished by evai>orating a quantity 
o* V ater to drvness, taking up the residue w^ith a little water <*ontaining I cc. nitric 
acid, the residue having been ignited to destroy organic matter, precipitating iron 
with ammonia, as directed above, and determining copper in the fill rate. 

The colorimeter used in determination of tracers of lead and for the colorimetric 
determination of titanium may be employed in place of the Nessler tubes. 
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Ammonia Method for Determining Small Amounts of Copper 

In the absence of organic matter, nickel and elements giving a precipitate 
with ammonia, copper to an upjjer limit of 10 milligrams can be determined by 
comparison of the depth of the blue tint of its ammonium solution with a tem- 
porary or permanent standard copiier solution of equal volume. Permanent 
standard solution of copjMir sulphate, free of nitrate, if kept cool and away from 
the direct sunlight, lusts fur a long time.^ 

Hydrogen Sulphide Method 

In the absence of elements precipitated by hydrogen sulphide, copper to the 
limit of about 1 milligram, in a solution not too strongly acid with sulphuric or 
hydrojihloric acid, may bo determiiied by comparison of its sulphide with that of 
a known cpiaiitity of (;opper in c(iual volume and similarly treated. The liquid 
should be cold and the passage of the hydrogen sulpliide stopped before the 
compound coagulates. 

Notio. ICill.i'i* the ammonia or tlic hydrogen sulphide method is a)>plicable to the 
determiiialioii of (he eoi)i)er not «U;i)osit,c‘,il in the operation of tlio electrolytic method. 


DETERMINATION OF IMPURITIES IN BLISTER AND 

REFINED COPPER 

Introduction. In the complete analysis of coj)p(‘r the following impurities 
tiro g(m(‘?-ally estimated: .silver, gold, load, bismuth, ansenic, antimony, selenium, 
t('lluritim, iron, zinc, cobalt, nick<‘l, oxygtm, sulphur, and less conunonly, tin 
and ])hosphorus. In high gra<lcs of blister and in rclinod copper the itercentage 
of tla'so impurities is very low, (he blister copper usually averaging over 99.0% 
copper with silver and the refined eopixjr over 99.93% of the metal. The principal 
impiirily in tiu? refiiuul el«Mueiit is o.xygen, which may be present to the extent 
of .92 to . 1 !}%, the remaining inqniritios being in the third decimal place. 
hVoni this it is remlily seen that large samples are required for the accurate 
determination of these constituents. The amount of .sample taken in blister 
copper (hipends upon tlui grade <^f copper analyzed. The impurities in this 
varj’’ from tenths of a jicr cent to thous:indllis, as the metal from one locality 
nui}' contain (|nite ai)pr(jei;»ble amounts of a constituent, which may be present 
only in extremely small qn;intitie.s or not at all in copper from a different section. 
In usual j)raetiee it is customary to take from 10 to 60 grams of blister and 50 
to 500 grams of refined coppcjr for analysis, depoinling upon the purity of the 
material. If a ]arg(‘r san ple than 50 grams is taken, it is n(!oes.sary to divide 
the material into several lots, and, after removal of the bulk of copfjer and isola- 
tion of the impurities, to combine tlie filtrates or residues containing the con- 
stitiKiuts sought. 

In the procedures the smallest amount of sample, 10 grams, is taken as 
the basis of calculation for anunints of nmgents used. For larger samples, in 
the initial treatment for removal of copiwr, proportionately larger amounts of 
the reagents are reciuinsd, i.e., multiples of from 2 to 5 times the amount stated. 
A 50-gram samjdc is the large.st amount of material handled in one lot. 

Scrupulous care must lx: exercised throughout the anal 3 rsis to prevent con- 

^ Heath, Jour. Am. Chem. Soc., 19, 21. 
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tamiuation of the sample or reagents, and to avoid loss of constituents. The 
reagents used should be free from the substance sought or from interfering sub- 
stances. It is the practice to carry blank tests of the reagents through under 
conditions similar to a regular analysis for iron, lead, zinc, arsenic antimony and 
sulphur. 

It is found best to determine the impurities in several portions, i.e., gold 
and silver by assay; bismuth and iron in one portion; lead, zinc, cobalt, and 
nickel in a second; arsenic, antimony, selenimn, and tellurium in a third; and 
separate portions for sulphiur, oxygen, phosphorus and tin, when these are 
occasionally required. 

Determination of Bismuth and Iron 

Separation of Copper. Amount of Sample, Blister copper 10 to 25 grams, 
refined copper 100 to 500 grams. The drillings are dissolved in a large beaker 
in 40 cc. of nitric acid per 10-gram sami)le and the free acid expelled by boiling. 
The solution should not become basic during the evaporation. Water is added 
to make the volume 130 cc. per 10 grams or proportionately more for larg(‘r 
samples. Ammonia is now added in sufficient excess to hold the copper in 
solution and 5 cc. of saturated ammonium carbonate solution and the sample 
diluted to 200 cc. (25 cc. (NHd 2 C ()3 per 50 grams, and dilution to 1000 cc.). 
The beaker is placed on the steam bath for several hours, preferably over night. 
The solution is filtered hot (to avoid crystallization of the copper salt), the first 
100 cc. being refiltered, and the residue washed with hot water containitig a 
little ammonia. By this procedure the copper passes into the filtrate and 
bismuth and iron remain in the residue on the filter. 

Separation of Iron and Bismuth. The precipitate is dissolved in warm, 
dilute hydrochloric acid (I : 3), aiiuiionia adtled to the solution in suffi(‘UMit 
amount to almost neutralize the acid and the solution then saturate*! with hytlro- 
gen sulphide. After settling st)me time, the j)recipitaU* containing bismuth su'- 
phide is filtered ofT, inin passing into the solution. 

Determination of Iron. Il^'drogen sulphide is expelled by boiling IIk; 
filtrate, and iron oxitlized by ad<lition of hydrogen ]H*roxidc, or potassium 
chlorate (nitric acid should nt)t be u.sed). The solution is evaporatesd to dry- 
ness and iron then determined in the residue by the stannous cliloride method, 
details of which may be found in the chapter on Iron, page 221. 

Determination of Bismuth. The sulphides remaining on the filter arc 
dissolved in nitric acid, the solution evaporated with sulphuric acid to SO., fumes 
to expel nitric acid, the concentrate diluted with water, and lead filtered off. Bis- 
muth is precipitated in the filtrate by ad*lition of ammonia in slight excess, 
followed by 10 cc. of a saturated solution of ammonium carbonate, and boiling. 
The precipitate is settled for several hours or over night if preferred, and then 
separated by filtration. This is now dissfdved in the least amount of nitric 
acid, added to the filter drop by drop from a burette anti bismuth d<itemuned 
in the solution by the cinchonine iodide nujthod, givrm in detail in the chapter 
on Bismuth, page 69. 

Notes. An excess of nitric acid, or the presence of cathuiuin, lead, silver, or 
hydrochloric acid interferes with the colorimetric procedure. 

In analysis of refined copper several <50-grain r>ortions_ are taken for analysis, 
ten such portions on a SOO-grarn sample; tho filtrates, obtained upon dissolving the 
residue freed from copper, are combined and bismuth and iron determined on this 
combined solution. 
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Determination of Lead, Zinc, Nickel, and Cobalt 

Removal of Copper. Ten to 25 grams of blister copper, and 100 to 250 
grams of refined copper in 25-gram portions are taken for analysis. The metal 
is dissolved in nitric acid (40 cc. per 10 grams) and the solution boiled until 
a faint green precipitate begins to appear on the surface of the solution. 
The free acid being expelled, the solution is made faintly acid by adding 1 to 
2 cc. of nitric acid, the solution diluted 300 to 700 cc., according to the amount 
of copper taken, and then electrolyzed with a current of 1.5 to 2 amperes for 
thirty-six hours, with a spiral anode and a cathode with about 1 60 cm. depositing 
surface. Tho solution should remain slightly acid throughout the electrolysis, 
otherwise cobalt, nickel, and zinc may be precipitated as hydroxides from a 
neutral solution. When the copper is nearly removed, the electrodes are dis- 
connected, and removed. 

The solution is concentrated by boiling, a few crystals of oxalic acid added, 
and the anodo (which may be coated with PbO,) immersetl in the hot solution 
for a few minutes, then riiused olT into the solution. 

Separation of Lead. The solution is evaporated to small volume, about 
40 cc. of dilute sulphuric acid (1:1) are added and the mixture evaporated 
to SOs fumes. 'J’lio cooled coruientrate is diluted with 100 cc. of water and 
again evaporateti to fumes. About 3(K) cc. of water added and when the soluble 
salts have dissolved, the solution is filtered and the residue, PbSO,, washed. 
Tho filtrate ermtains Zn, Ni, (’o, etc. 

Determination of Lead. The residue, PbS() 4 , is dissolved by successive 
treatments with ammonium acetate and hot water, tho lead precipitated from 
the solution, made slightly acid with acetic acid, by adding a slight excess of 
]a>tassium <!hr<)mato and the element detcimined as lead chromate according 
to the standard procedure for lead. Kce page 236 in the chapter on l^ead. 

Removal of the Hydrogen Sulphide Group. I'he filtrate from the lead 
sulphate is saturated with JLS ami filteretl. The filtrate contains zinc, cobalt, 
and nickel. To rocov<!r any occluded zinc, the ])recipitate is dis.sol\'ed in nitric 
acid, taken 1o fumes with sulphuric aci«l, diluted to about 2(M) cc., and again 
treated with il 2 S. Tho filtrate from this precipitate is combined with the first 
portion. Tho jnecijjitate is rejoctetl. 

Removal of Iron. This, if prestmt, will be found in tho filtrate. The 
ILS is expelled by boiling and tlie solution concentrated to 400 cc. after adding 
5 cc. of Il 2()2 to oxitlizo the iron. Five grams of atnmonium sidphate are added, 
tho solution imulo strongly ammoniacal, and filtered. Iron is precipitated as 
Fc(OIl)ii and is thus removed. If much iron is present, a double precipitation 
is advisable to njcover any occluded zinc, nickel, or cobalt, ami the filtrates 
combined. 

Determination of Zinc. The filtrate from iron is concentrated to 400 
cc., then made neutral to litmus by cautious addition of dilute sulphuric acid, 
drop by drop, and then faintly acid with 3 drops in excess. Zinc is now pre- 
cipitated as tho sulphide by saturating the solution with H*S and allowing 
to stand over night. The sulphide is filtered off. The filtrate contains cobalt 
and nickel. 

Zinc sulphide is dissolved in hot dilute HCl (1 : 2) and a few crj'stals of 
KCIO*. Tho solution is ev'aporated to dryness, tho residue taken up water con- 
taining a few drops of HCl and the extract filtered. (To remove any SiO* die- 
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solved from the beakers.) Zinc carbonate is now pi*ecipitatod (in a beaker of 
ghiss, which does not contain zinc) from the filtrate by addition of .sodium carbon- 
ate, and ignited to the oxide ZnO. 

Zn()X0.S()34 = Zn. 

Determination of Nickel and Cobalt. Tii(‘ filtrate from the zinc sulphide 
is examined for nickel and cobalt. About O.o cc. of sulphuric acid is ad«lcd. 
H 2 S is expelled by boiling, and 2 cc. of il-Xh added. The solution is concentrated 
to about 400 cc. (this should be free from nitric acid), treated with about 
25 cc. of ammonium hj'droxide, and electrolyzed over night with a <’m’reiit of 0.5 
amperes. Niekel and cobalt, if present, are deposited on the cathode as nujtals 
and so determined. For greater details, consult the chapter on Nickel under 
the method by electrolysi.s. 

Determination of Arsenic, Antimony, Selenium, and Tellurium 

Separation of Copper. Ten to 50 grams of blister copper and 100 to 
500 grams of refined copper are reciuiretl for the determination. (For 500-grams 
sample, 5 lots of 1(K) grams are taken.) 'I’he drillings are dissolved in nitric acid 
(40 cc. per 10 grams) and the solution boiled until a light-gr(*cu precipitate 
appears on the surface. The liquor is diluted to 500 cc., and 5 cc. of ferric 
nitrate containing 3 % of iron are added. A basic acetate precipitate is now made, 
weak sodium hydroxide being added to neutralize the free acid, but not in 
sufficient amount to produce a permanent precipitate. If the end-point is 
overrun, nitric acid is added drop by drop until the solution clears. The 
solution is diluted to about 800 cc., ^ cc. of a saturated solution of sodium 
acetate added, the liquor brought to boiling and filtered hot through a large 
creased filter paper, the first portion of the filtrate being poured back on the 
filter. The residue is washed twice with hot water to remove the copper. Five 
cc. additional iron are added to the filtrate and a second basic acetate precipitation 
made, a separate filter being ased. The precipitates are dissolved in the least 
amount of nitric acid necessary and the .solutions combined. The liquor is 
concentrated to 150 cc., a piiicli of pota.s.sium chlorate added, and the con- 
centration continued until the volume has been retluced to about 30 cc. An 
equal volume of strong hydrochloric acid is added and a second pinch of chlorate 
and the evaporation repeated to eliminate all traces of nitric acid. 

The evaporation is best conducted in a casserole, resting in the circular 
opening of an a.sbostos board, in order that the sides of the ve.s.sel may bo pro- 
tected from the flame. 

Separation and Determination of Arsenic. The solution is transferred 
to a distillation flask, arsenic reduced with ferrous chloride, and distilled according 
to the standard procedure for this element, p. 33. ^ In this distillate arsenic is 
determined volumetrically.* (See chiipter on subject.) Antimony, .selenium 
and tellurium remain in the fla.sk. 

Separation and Determination of Antimony. Twenty-five cc. of a saturated 
solution of zinc chloride are added to the liquor remaining in the distilling 

* The concentration should not be carried below .30 cc. 

* Arsenic may be precipitated by HjS, the sulphide dissolved in NH,OII, the filtrate 
taken to dryness, HNO, added and the evaporation reix^ated. Arsenic now is deter- 
mined by precipitation with AgNOs and titration of the silver with KCNS in presence 
of a ferric salt. AgX0.2316=As. 
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flask after tlio elimination of arsenic. The antimony is lanv distilled, strong 
hydroclilorie acid bc'ing introduc*cd in tlie distilling flask drop by drop by means 
of a separatory funnel, to rcj^lace the solution distilled, the volume in tlie fliusk 
b(‘ing kejjt as low as ])ossible, avoiding cr>'stallization. When the antimony 
has been completely eliminated, the contents of the distilling flask is pf)ured 
out wliile still Jiot, and, together with the rinsings of the flask, i)laced aside 
for the subse(|U(!nt determination of selenium and tellurium. 

The <li.stillatc is neutralized with ammonia, then made sligldly acid with 
IKU and antimony [)recipit:it<!d with II 2 S. Most of the s(‘lenium and t(;llurium 
remain in the fla.sk. Some i f the selenium, however, distills with the antimony, 
hence this must be recovert'd from the antimonj’^ suljjliide i>recipitate and at 
the same time this mu.st be purified. 

The i)recipitate is dissolved in dilute 11(1 (1 : 2), containing a little bromine 
to oxidize the sulplnir. The .srdution is tilfererl fnjo from sulphur and the filter 
washed with a little dilute Jl( 1. llie fill rate should contain one-third its volume 
of stroJig 11(1. Selenium is now i)recipitated by ])assing in SOj gas to satura- 
tion and bringing the .solution to b<»iling. The i)r(u*ii)itate is allowed to settle 
several hours and th<!n filtt*red through a tanul Gooch crucible. (To this is 
added the .selenium and tellurium later obtained from the re.sidue of the flask.) 
The filtrate contains autimoii}’’. 

After boiling out the S(.) 2 , tins filtrate is first neutralized with ammonia, then 
made slightly acid with hydrochloric acid and .antimony precipitated as the 
sulphide by saturating the solutum with II 2 S, allowing the precipitate to settle, 
re.suturtiting with HsS and again allowing to settle. The filtered, washed i)re- 
eipitate is dis.solv(Hl with sodium sulphide, and 10 cc. of 25% potassium cyanide 
(poison) added to the filtrate, tog(?ther with 2 cc. of 25% sotlium liytlroxide. 

The 8<ilution is now electrolj’^zed hot (f)0° C.) for an hour with a current of 
0.5 ampere ami antimony deposited as the metal on the cathode. This is 
quickly removed and washed l)y dipping it successively into a beaker of cold 
water, three of hot water and one of 05% alcohol. The foil is dried at 1(K)" C., 
and then wcighcnl, on cooling, as u.sual. Antimony is now removed by inunersing 
the cathode in boiling nitric acid containing tartaric acid, and washing as 
before. The 1(kss of weight of the foil is t.aken as antimony. 

Notk. It is advisable to test the electrolyte for antimony by acidifying the solu- 
tion with o.xalic. acid (Hood). A reddish cioloration indicates the incomi)lote removal 
ot the element. 

Determination of Selenium and Tellurium. The solution from the dis- 
tillation fl.ask is nearly neutralized with anunonia and saturated with HiS. 
The precipitate is filtereti off and dissolved in eciual i)arts of nitric acid (sp.gr. 
1.42) potassium bromide bromine solution (20 cc. Hr added to a stiturated 
solution of Kllr and diluted to 2(K) cc.). The liquor is diluted to 400 cc., 6 cc. 
of ferric nitrate (3% Fe'") solution added, and sufficient ammonia to make the 
solution decidetlly .alkaline. The precipitate contains, besides the iron, all of 
the selenium and tellurimn, whereas any copper that nuiy have been present 
is removed. The precipitate, washetl, is dissolved in hydrochloric acid, the 
free acid nearly neutralized and IlaS passed in to saturation. The precipitate 
is filtered off, washed, and dissolved in the nitric acid potassium bromide and 
bromine mixture stated above. The soluthm is filtered and then sufficient hydro- 
chloric acid added to make the solution contain about one-third its volume of 
strong IICl. Selenium and tellurium arc precipitatetl from this solution by pass- 
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ing in ROa to saturation, and boiling for a minute or so. The prcoipitato is now 
filtered into the crucible containing the selenium obtained in tlie purification <if 
the antunony precijatsite. After washing with hot water and once with 1>5% 
alcohol, the residue is dried at 1(K)° C, for an hour and weighed as seh'iiium ami 
tellurium. Solution should stand three hours at least, or overnight, before filtering. 

Note. TIk* precipitate of seleniuni and tellurium may contain gold, which should 
be dcUirmined l>y assay. 


Determination of Oxygen 

This determination is required t)nly in refined cojjper. The method deperuls 
upon the reduction with hydrogen of cuprous oxide heated to redness; the water 
formed b.y the reaction l>cing the meastire of the oxygen. 

Apparatus. The combustion-furnace is the .satne as that ustMl for the 
determination of carbon. As it is ncce.ssary that the hydrogen be ab.solutely 
free froni oxj-gen and moistun', the gas is passetl thn)ugh a i)roheatcr con- 
sisting of a platinum or silica tube of small boro heated to redness by a flame 
or an electrical device. I’lie gas is then pas.sed through a tube containing 
calcium chloride and finallj’ through a PaOs bulb containing the anhydride. 
In this purified foi-m it enters the combustion-tube, fl'lie pi-oduct of com- 
bustion, water, is absorbed in a tared bulb by 1V)&, to which is attached a tube 
of calcium chloride. 

Procedure. 'I'he sample, which has been drilled with considerable care 
to avoid overheating, is dried under partisil vacuum in a desiccator after warming 
to below 70® C. for a few minutes. 

One hundred grams am taken for analysis and placed in the combustion 
tube, the drillings lacing held in a large boat. Purified hydrogen is rapidly 
passed through the tube for half an hour to sweep out the air, tlic tube being 
cold. The tared P*0» bulb and the calcium chloride tube arc now attached. 
The heat is turned on to bring the sample to chcrr>’' red heat, 900° C., and the 
current of hydrogen passed slowly over the sample for several hours. 

The increase of weight of the PjO* bulb =1120. 

1120X0.8881 =0. 0X4.9687 =CuO. 

Determination of Sulphur 

This determination is rarely required in refined copper. 

Twenty grams of blister, unrefined or cement copper, placed in a casserole, 
are treated cold with 50 cc, bromine-potassiiuu bromide mixture (see under 
Determination of Selenium and Tellurium). After standing at least ten 
minutes, 100 cc. of strong nitric acid are added. After another ten mhnites 
the cas.sende is placed on the steam bath and the solution evaporated to small 
volume. This is taken up with 25 cc. of strong hy<lrochloric acid and evaporated 
to a pasty mass. The treatment is reixjated to ensure the decomposition of 
nitrates and to expel nitric acid. It is now taken up with 5 cc. of hydrochloric 
acid, diluted with water and sulphuric acid precipitated as IiaS 04 , according 
to the standard procedure for sulphur. See p. 395, 

BaS04X0.1374=S. 
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Determination of Phosphorus 

This dotermination is seldom required, and then only in low-grade copper 
and copper scrap containing phosphor bronze. Tiie sample, dissolved in nitric 
acid, is treated witli ferric nitrate and the basic acetate precipitation made as 
has l)ecn des(!ribed for the determination of arsenic, etc. The precipitate is 
dissolved in HCl, this solution tlien made strongly ammoniacal, and saturated 
with HgS, and filtered. Tlie filtrate containing the arsenic and phosphoric 
acid is acidified, arsenic sulphide an<l sulpliur filtered off, and phosphoric acid 
determined in the filtrate l)y precipitation with magnesia mixture as usual. 
See chapter on Phosphorus. 

Mg,P,OTX.27S7=P. 

DETERMINATION OF COPPER IN REFINED COPPER 

In deterniiiiing the (juality of copfjor for electrical purposes e.ach hundredth 
of a percent sibove b'J.iK) Ii.ms its sigiiifieance. The methods employed are the elec- 
trolytic and the hydrog(*n reduction methods. Silv(;r jiresent is ruled us copper. 

Electronic Methcd.* The sample, consisting of unground drillings, should 
be untarnished, free of grease or oil, and cleaned of jiarticles of iron by use of a 
good magnet. 

Procedure. A catch weight of about 5 grams is taken, each piece being ex- 
amined for dust, Jiarticles from the drill and surface oxidation before it is 
jilaced on the balance jian. Solution is effected in a sjiecial 400 cc. 
licaker which has hipjx'd sides to sujiport a series of watch 
glasses, the lower hip at the 125 cc. mark, the upjier at 350 cc. 

(Fig. 32.) 

The drillings arc treated with 50 cc. of a stock solution (10.5 
p rts nitric acid and 4.5 parts of sulphuric). The watch-glass 
traps are put in place to retain the copper which is alwa 3 rs 
entrained in the nitrogen jieroxide fumes. Except that the cur- 
rent is maintained at .75 ampere throughout the period of elec- Pig. 32 . 
trol 3 rsis, the conditions are the same as have been described for 
the determination of copper by the “ Small Portion Method." (Page 159.) 

Hydrogen Reduction Method. This method is applicable to the determina- 
tion of copjier in grades of refined cojijier which are characterized by a metallic 
impurity content which is constant and less than 0.01 pier cent. The apparatus 
consists of a combustion furnace, preferably electnilytically heated, the tem- 
jierature of which can 1x3 kept constant at about 950® C.; a silica tube of |-in. 
bore, one end of which is connected with a large Peligot tube containing con- 
centrated sulphuric acid, the other end is connected by a rubber plug and flexible 
tube with a source of purified hydrogen; porcelain combustion boats 95 mm. 
long, IS mm. wide and 10 mm. deej). 

i^ocetfure. A catch weight of about 25.1 grams of drillings is placed in the 
combustion boat, and the boat inserted in the silica tul)e. After jmssing hydrogen 
for half an hour through the cold tube, the temjjerature is raised to 950° C. and 
so maintained for two hours. If the furnace is of a tyjse, which will jiermit the 
removal of the tube without disconnecting the train,* the tube is taken from the 

* Ferguson, Jour. Ind. and Eng. Chem., May, 1910. 

* Electric Heating Apparatus Co., New York. 
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furnace without interruption of the stream of hydrogen and cooled by a jet of cold 
air. When cokl, the miuss of copper, the particles of which are cemented, is tiiken 
from the boat and weighed. 

Note. If the stiuiplc is allowed to become molten, the boat and tulns will Ik; eoalc 1 
with a film of copi^er. 

A eonvenient and effieient tj'pe of conibustiun furiisiee, hinged design, is shown in 
Fig. 32b. 'rhis furnace may Ivo pnrchas(‘d from (ho Electric Ileatiiig Apparatu.s Com- 
tniuy, New York City. 



Fig. 32a. — Cornhu-stion Furnace, Hinged Design, Type 70 — Shown with one " Spare 

Unit. Height to center, 9J-". 

By courtesy of th** Electric IloiitlnR Apparatus Company, New York City. 


CHLORINE IN CEMENT COPPER AND COPPER ORES 

If the material contain.s very little .silver the following method is applicable 
in laboratories eiiuipjKjd with apparatus for furnace a.ssaying. 

Ten grams of the finely grouiul ssunple jilaced in an SOO ce. beaker are treatod 
with 6(K) cc. water, 100 ec. nitric acid (free fr«)m i«)dic acid) and the mixture 
brought to boiling by gentle heating. After filtration and thorough washing, the 
in.soluble residue i.s trcjited reiieatisily with ad<litionaI water and acid, of the aliove 
proportion, until a test of the filtrate with silver nitrate indicates complete extrac- 
tion of the soluble chloride. 'I'lu* combiiUHl fiitrati's are treated with a slight exce.ss 
of silver nitrate and chloride of silver preciintatwl and determined in the usual way. 
Page 121. 

On a separate 10 gram sample an a.ssay of silver is made and the equivalent 
weight of chloride calculated. This etiuivaleut is added to the weight of silver 
chloride obtained in the extract. The ixuccnt ol chlorine is calculated from this 
result by the formula. 


Weight of AgClX. 2474 XI 00 ,, . 

=gram chlormc. 
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DETERMINATION OF COPPER IN BLUE VITROL 

This is host determined on u 2 ^rain Stample of the finely powdered dry salt or 
a catch weight of approximately 2 grams if the salt is moist. Uopper i.s deposited 
clcH'trolj’tieally, the electrolyte! being diluted to lliO ce!. and containing 4 cc. of 
nitric acid and 5 cc. .saturated .solution of ammonium nitrate. A current of .18 
amper(!.s atul an electrode of 1 1 sep in. dei)ositing surface are used. If the salt 
contains insoluble matter consisting wholly of basic salts, complete .solution is 
brought about by gently boiling after adding 4 cc. nitric acid and 25 cc. of hot 
water to the sjilt. It the! insoluble matter shows a te'iidency to reMiiain in sus|X!n- 
.sutn, the presence of arsenic or antimony is indicated. In this ca.se th<> i/npurities 
are prcn-ipitiited .along with ferric Imh-oxale as has been previously described 
under the note's on the ('U'ctrolytic (l(‘l<*rniination e.f ceipper in blister copfK'r, 
page H»2. 


DETERMINATION OF COPPER AND LEAD IN BRASS * 

One gram of the alloy is dissolvesl in S cc. nitric acid and the nitrous fumes 
are boiled olT; if tin is pn'sent, 40 cc. of boiling water are adde'd, the metastannic 
acid allowed to settle on the* hot plate for lifteen minutes and filtered off. 
(Method for tin i.s accm'ate* only for wrought brass; high iron or antimony 
interfere). 

The filtrate from the tin is elcctrolj'zed for copper and lead. If the lead is 
less than 0.75 j)er cent, an ordinary .sandblasted, spiral anode is used; if the 
amount of lead is 0.75 to 5 per cent a .sandblasted gauze cylinder is neces.sary. 
For amounts of lead over 5 per cent either a .smaller .sample is taken or the greater 
l)art of the lead is precipitated as lead suljdiate and the small amount of lead 
passing into the filtrate is recovered by electrolysis, using { ami>ere current iwr 
solution, after adding 3 cc. of nitric acid. Kor lead under 0.5 per cent; 5 cc. of 
1 : 1 sulphuric acid are stirred in, after the current has been pas.sing for at least 
ten minutes. If the lead is high the sulphuric acid is added after the electroly.sis 
has continued for at least an hour. Under these conditions no lead sulphate 
deposits from the solution and as long as the current passes, the sulphuric acid 
pre.sent does not attack the l^bOj dejKisited. After the sulphuric acid is added 
the current is raisctl to ampere jgjr solulFon and the electrolysis continued over- 
night. 

The lead jKjr xide is dried at 25t)‘’(’. for half an hour. The factor 86.43 
gives the ciiuivalent per cent lead. (Factor determined from the average of a 
large number of tests made on pure lead. Tlie factor is best obtained under the 
conditions of the laboratory where the determinations are made, as it varies slightly 
with change of conditions.) 

The copi)er on the cathode is washed, dried and weighed according to the usual 
standard procedure. 

^ Method of Ttio National Brass and Copper Tube Company, communication by 
11. T. Roberts. 
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F*, at.wt, 19; D (air) np.gr. (-187“) 1.14; m.p. -233; b.p. -187“ C; 

acids, HF, Il.SiF6. 

DETECTION 

Fluorine is the most active elenu'iit knoAvn, and is by far the most active 
of the lialogons, displacing cldorinn, bromine, and iodine from their combinations. 

Etching Test. The procedure dejKiiids upon the corrosive action of hydro- 
fluoric acid on glass, the acid being liberatetl from fluorides by means of hot 

concentrated sulphuric acid. This test is 
applicable to fluorides that arc decomposed 
by sulphuric acid. The reactions taking place 
may be represented as follows: 

I. CaF*+H 2 S() 4 =CaS()«+2IIF. 

II. Si02-l-411F=2Hj0-l-SiF4. 

The test may be carried out in the appa- 
ratus shown in the illustration. Fig. 33. A 
clear, polished glass plate 2 ins. square, free' 
from scratches, is wanned and molten wax 
allowed to flow over one side of the plate, the 
excess of wax being drained off. A small mark 
is made through the wax, exposing the surface 
of the plate, care being exercised not to scratch 
the glass. If the test is to be quantitative, 
the marks should be of uniform length and 
width. The powdered material is placed in a 
large platinum crucible (B) (a lead crucible 
will do) ; sufficient concentrated sulphuric acid 
is added to cover the sample. The plate (D) 
with the wax side down is placed over the 
Fia. 33. — Etching Test for Fluorine, crucible and presstjd firmly down. To prevent 

the wax from melting, a condenser (C), with 
flowing water, cools the plate. An Krlenmeyer flask {C) is an effective and simple 
form of condenser, though a metallic cylinder is a better conductor of heat. A 
little water placed on the plate makes better contact with the condenser. As a 
further protection a wide collar of asbestos board (E) may be placed as shown 
in the figure. In quantitative work, where a careful regulation of heat is nec- 
essary, the crucible is placed in a casserole with concentrated sulphuric acid or 
in a sand bath, containing a thermometer to register the temperature. The run 
is best conducted at a temperature of 200° C. (not over 210° — ^H 2 S 04 fumes). 
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After an hour the wax is removed with hot water and the plate wiped clean, 
and examined by reflected light for etching. A test is positive when the mark 
can be so(jn from both sid(is of the glass. Jireathing over the etched surface 
intensifies the nuirk. 

Treatment of Fluo-Silicates not Attacked by Sulphuric Acid. The 

powdered iruiterial is mixed with about eight times its weight of sodium car- 
bonate and fused in a platinum crucible. 'I’hc cooled melt is extracted with 
water. Calcium fluoride is thrown out from tlie filtrate, according to directions 
under I’reparation and Solution of the Sample. The fluorule may now l)c 
tested as directed in the etciliing test or as follows by the hanging drop test. 

The Hanging Drop Test. The test depends upon the reaction SSiF^+SII^O 
= 2H,SiFe-l-Il.Si(),. 

If the material contains carbonates, it is cahuned to expel carbon dioxide. 
Half a gram of the jiowdered dry nuiterial is mixed with 0.1 gram dried pre- 
cijiitated silica and placed in ta test-tube, J^’ig. 34, about 
5 cm. Iting by 1 cm. in diameter. A one-hole rubber 
stojiper fits in the tube. A short glass tube, closed at the 
upixir end, passes through the stopiwr extending about 
3 mm. below. Two or three drops of water are placed in 
this small tube by inc.ans of a pipette, nearly filling it. 

Two cc. of concentrated sul])huric acid are added to the 
sample in the test-tube and this immetliately closed by 
inserting the stopiier carrying the hanging drop tube, exer- 
cising care to avoid dislodging the drop of water. The 
test-tube is placed in a beoker of boiling water and kept 
there for thirty minutes. If an appreciable (}uantity of 
fluorine is present a heavy gelatinous ring of silicic acid 
will be found at the end of the hanging drop tube in the 
stopper. 

It is important to have material, test-tube, and rubber 
stopper dry, so that the deposition may occur as stated.^ 

Note. Dr. Olson® makes the test by heating the sample in Hanging Drop Test 
a small Krlenmeyer flask, with concentrated sulphuric acid. for Fluorine. 

A watch-crystal with a drop of water susyiended on ite curved 

surface is placed over the mouth of tho flask. A spot etch is obtained in presence of 
fluorine. 



& 
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Black Filter Paper Test. According to Browning,® small amounts of fluorine 
may bo detected by the converse method for detection of 
silicates and fluosilicates ( See silicon). The fluoride is 
placed with a suitable amount of silica, in a small lead cup, 
1 cm. in diameter ami depth (Fig. 35); a few drops of 
concentrated sulphuric are added; the cup is covered by a 
flat piece of lead with a small hole in tho center; upon the 
cover is placed a piece of moistenefi black filter papier and 
upon this a small piad of moistened filter paper. The cup 
heated on tho steam bath for ten or fifteen minutes. A white depiosit will 

®C. D. Howard; Jour. Am. Chera. Soc., 1906, 28, 1238-1239. C. N., 1906, 80, 



Fio. 35. 


* Communicalod to tho author by J. C. Olsen. 

» P. E. Browning, Am. Jour. Sci. (4), 32, 219. Methods in Chemical Analysis** 
by F. A. Gooch. 
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be found on the under side of the black filter paper, over the opening in the 
cover, if fluorine is present in an appreciable amount. fO.OOl gram CaFa or 
above, and 0.005 gram NaiAlF« will give the test.) 

ESTIMATION 

The determination of fluorine in the evaluation of minerals used for the 
production of hydrofluoric acid is of teclinical importance. The demand for 
elimination of the use of fluorides for preservatives of food makes its estimation 
in small amounts of importance. 

Fluorine occurs only combined. It is found abundantlj'’ combined with lime 
in the mineral fluorspar, CaKj. It occurs as crj-olite, NaaAlKe; apatite, 
3(’a3(l*()4)2C^iF2. It is found in mineral springs, ash(‘s of plants, in bonc's, and in 
the teeth (CaF«). It occurs sparingly, with aluminum and silicon, in lopax, 
and with cerium and yttrium in fluocerite, yttrocerite, also in wavellite, wag- 
norite. etc. 


Preparation and Solution of the Sample 

I''luori<Ies of the alkalies, and of silver and inercur>', are readily soluble; 
copjK'r, lead, zinc, and iron fluorides are sparingly soluble; the alkaline earth 
fluorides dissolv'e in 1(K) cc. HaO as follows: liaFa gram, SrFa =0.012 

gram, CaF, =0.0010 gram. 

Fluosilieates of ]>otassium, sodium, and barium are slightly solubh; in wal(‘r 
and practically insoluble if sufficient alcohol is added. 

Organic Substances.^ These are best decomposed by the lime method, the 
details of which are given in the chapter on chlorine under the section for tlio 
preparation and solution of the sample, p. 122. For fluorides in organic 
matter it is advisable to decompose the substance in a seande.ss nickel tube, 
40 inni. long by 4-5 mm. bore. The end of the tube is .seak'd with silver solder. 
The lime used should be soluble in acetic acid. I'lie tube is luxated to yellow 
heat for two hours. The lime is then extracted with acetic acid and fluorine 
detennined as calcium fluoride. 

Silicious Ores and Slags. 0.5 to 1 .0 gram of material is fused in a cru- 
cible with ten times its weight of sodium and potassium carbonates (1:1) and 
po\ired into an iron mould. If a porcelain crucible has b(!cn used, this is broken 
up and added to the c<M)led fusion. The mass is digested with about 200 cc. 
of hot water for an hour, the nuiss having been broken up into small lumps, 
(Kneidand recommends using an agate-ware casserole as diminisliing the liability 
of subsequent bumping) * then boiled briskly for ten minutes longer and filtered, 
the solution being caught in a large beaker. The residue is washed with hot 
water, follow'ed by a hot solution of ammonium carbonate and the insoluble 
material rejected. The silica is removed with ammonium tairbonate, follow'od 
by the zinc oxide treatment of the second filtrate, as described untlcr the sccti<»n 
of Separations. In presence of appreciable amtnmts of fluorides, the gravi- 
metric precipitation of fluorine as calcium fluoride is reconunended. 

»IT. Meyer and A. Hub, Monatsch. flir Chem., 1910, 31, 933-9;i8. N 1910 
35, 4X9. ’ ' 

*10. Kneeland, Eng. and Min. Jour., 80, 1212. A. H. Ixjw, “Technical Methods 
of Ore Analysis." 
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Calcium Fluoride.' The product is best decomposed by fusion with sodium 
and ix)tassium carbonates, after mixing the fluoride with 2.5 times as much silicic 
acid, followed by ten times its weight of carbonates. Most of the silicic acid and 
all the fluorine will be changed to soluble alkali salts, while the calcium will be 
left ns in.sulublc calcium chloride. The mixture should be heated gradually to 
prevent the contents of the crucible from runnitig over the sides by a rapid evo- 
lution of carbon dioxide. The thin liquid fusion soon thickens to a pasty mass. 
The reaction is complete when there is no further evolution of carbon dioxide. 
The fused mass is now extracted with hot water as indicated above, and the 
soluble fluoride filtered from the calcium carbonate residue. Silicic acid is 
removed from the filtrate by addition of ammonium carbonate. Traces of 
silicic aciti are removed from the filtrate taken to near drjmess, after neutralizing 
the alkali with dilute hydrochloric acid (phcnolphthalcin indicator), by the zinc 
oxkle emulsion method gi\'on under Separations. Fluorine is precipitated as 
calcium fluoride, according to the jiroccdurc given later on page 180. 

Soluble Fluorides. The salts are dissolved in water. In presence of free 
acid a plat'mnn dish should be used and the acid neutralized with sodium car- 
bonate with addition of about one-fourth as much more in excess. The fluoride 
is then ])reci]iitated as calcium fluoride. 

Hydrofluoric Acid, 'fhe acid may be titrat<‘d with standard caustic. 
Determined gravinietrically, the acid is neutralized and fluorine precipitated as 
calcium fluoride or lead chlorofluoride (iiages 180, 181). 

Valuation of Fluorspar. Details of the procedure worked out by bi. Ilkltel, 
(’hief ('hemist, Fairview Fluorspar and I.(‘ad (!omj)any, arc given at the close 
of the chapter. 

SEPARATIONS 

Removal of Silicic Acid from Fluorides. This separation is frequently 
required, esptscially in samples where the sodium and potassium carbonate 
fusion has bc(jn napiired for decomposition of fluosilicates, or calcium fluoridcj 
nsixed with silicic acid. (See Preparation and Solution of the Sample.) 

To the alkaline solution about 5 to 10 grams of anunonium carbonate are 
added, the solid, ion boiled for five minutes and allowed to stand in the cold 
for two or three hours, ('rroadwell and Tfall reconunend heating to 40“ C., 
and allowing to stand over night.) The precipitate is filtered off and wa,shcd 
with amnioniiim carbonate solid ion. The fluoride passes into the filtrate, while 
practically all of the silicic acid remains on the filter. 

Small amounts of silica in the filtrate are removed by evaponiting the solu- 
tion to near dryness on the water bath, then neutralizing tb.e carbonate with 
dilute hydrochloric acid (phenol phthaleiu indicator) added to the re.sidue taken 
up with a little water. ITpori Iioiling the ]iink color is restoreil, the solution 
then coohid aii<l a‘‘id again added to discharge the color; this is rejieated until 
finally the addition of 1 2 cc. of 2 N. IKd is sidficient to discharge the color. 
Four to 5 cc. of ammoniacal zinc oxide solution (moLst ZnO dissolved in 
NH4OII — Low re<‘ommends 20 c<*. of an emulsion of ZnO in NH4OH) is added 
and the mixture boiled until ammonia has been con pletely expelled. The 
firecipitate of zinc silicate and c)xide is filtered end waslaul with water. The 
puorido is determineil in the filtrate by precipitation with calcium chloride 
as directed later. 

' Treadwell and Ilall, Analytical Chem., p. 472. 
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Separation of Hydrofluoric and Phosphoric Acids. The method of Rose 
modified by Treadwell and Koch,* takes advantage of the fact that silver phos- 
phate is insoluble in water, whereas silver fluoride is soluble. The alkaline 
solution of the salts of the acids (solution of the sodium carbonate fusions) is 
carefully neutralized with nitric acid and transferred to a 300-cc. calibrated 
flask. A slight excess of silver nitrate solution is added, and the mixture made 
to volume and thoroughly shaken. After settling, the solution is filtered 
through a dry filter, the first 10 to 15 cc. being rejected; 225 cc. of this filtrate 
is again transferred to a 300-cc. ealibratotl flask, the excess of silver prccipittitcd 
by adding sodium chloride solution, and after diluting to the mark and shaking, 
the precipitate is again allowed to settle; 200 cc. of this solution is taken for 
analysis, after filtering as previously directed. This sample reprtjsents 50% of the 
original sample taken. Fluorine is now determined by one of the procedures 
outlined. 

Separation of Hydrofluoric and Hydrochloric Acids. I'hc solution con- 
taining hydrofluoric and hydrochloric acids, in a platinum dish, is treated with 
nitric acid and silver nitrate. The chloride is precipitated , as the silver .salt, 
whereas the fluorine remains in solution and may be filtenMl off through a glass 
funnel coated with paraffine or wax, or a hard rubber funnel. In pnssence of 
phosphoric acid, silver nitrate? added to the solution will precipitate the phos- 
phate as well as the chloride, whereas the fluoride renmins in solution. The 
pho.sphate may be dissolved out from the chloritle by means of dilute nitric 
acid. 

Separation of Hydrofluoric and Boric Acids. An excess of calcium 
chloride is added to the boiling alkali salt sf)lutions of the two acids. The 
precipitate is filtered off and wa.shed with hot water. The residue, consisting of 
calcium fluoride, borate and carbonate, is gently ignited and then treated with 
dilute acetic acid, taken to drjmess, and the residue taken up with acetic acid 
and water. C’alcium acetate and lK)rato are dissolved, whereas the fluoride 
remains insoluble ami may bo filtered off ami determined. 


GRAVIMETRIC METHODS FOR THE DETERMINATION 

OF FLUORINE 

Precipitation as Calcium Fluoride 

The method utilizes the insolubility of tjalcium fluoride in dilute acetic acid 
in its separation from calcium carbonate, the pre.sencc of which facilitates 
filtration of the slimy fluoride. The reaction for precipitation is as follows: 

2XaF+CaCU =CaF2-f-2XaCl. 

Procedure. Solution of the stimplc aiwl the removal of silica having been 
accomplislted according to procedurtis given und(?r Preparation and Solution 
of the Sample, and Scparatiotis, the solution is neutralized, if acid, by the 
addition of sodium carlxjnate in slight excess; if basic, by addition of hydrochloric 
aci<l in excess, followed by sodium carbonalo. To this solution, faintly basic, 
1 cc. of twice normal sodium carbonate rciagent is added, followed by sufficient 

* Z. anal. Chem., 43, 4(»9, 1904. “Analytical Chemistry,” Vol. 2, by Tread- 
well and Hall, Jolm Wiley and Sons. 
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calcium chloride eolution to precipitate completely the fluoride and the excess 
of carbonate, i.e., until no more precipitate forms, and then 2-S cc. in excess. 
After the precipitate has settled, it is Altered and washed with hot water. (The 
Altrate should be tested for fluoride and carbonate with additional calcium 
chloride.) The precipitate of calcium fluoride and carbonate is dried and 
transferred to a platinum dish, the ash of the Alter, burned separately, is added 
and the material ignited. After cooling, an excess of dilute acetic acid is added, 
and the mixiiU' " evaporated to dryness on the water bath. The lime is con- 
verted to calciii !i acetate, while the fluoride remains unaffected. The residue 
is taken up wit'i a little water, Altered and washed with small portions of hot 
water, by whic procedure calcium acetate is removed, while calcium fluoride 
remains on tl Alter.^ The residue is dried, separated from the Alter and 
ignited. T}li^, together with the ash of the Alter, is weighed as calcium 
fluoride, (.■aF 2 . 

To coriAnn the result, the residue is treated with a slight excess of .sulphuric 
acid and taken to fumes in a platinum dish. The adhering acid is removed as 
usual by heating with ammonium carbonate, and the ignited residue weighed as 
calcium sulphate. One gram of cahdum fluoride should yield 1.7436 grams of 
calcium sulphate.® 

( /a( ) X 1 .3924 = CaF., or X0.677 = F. 

Factors. C 0.4867 =F, or X0..5126 =»IIF, or Xl.0757=NaF. CaSO« 
X0.5735=CaF2, or X0.2y37=F, or X0.2539 = HF. 

Precipitation of Fluorine as Lead Chlorofluoride 

The method, worked out by Starck,® takes advantage of the double halide 
formed l)y action of h'ad chloride upon a soluble fluoride. 'Fhe compound, 
I’bFCl, is about fourteen times the weight of the fluorine it contains. Ilnfor- 
tunabily, the compound is (piite ,ai)pr(iciably soluble in water,* so that a loss 
occurs if pure water is used for washing the precipitate. The method is limited 
to the determination of soluble fluorides. 

'riie sample, imide neutral, is tnuited with a large excess of a cold saturated 
solution (200 cc. PbC’b per 0.1 gram NaF in 50 cc. solution) of lead chloride, 
the precipitate, settled over night, is fllter(i<l off in a weighed Gooch crucible, 
washed .so\'cral times with a saturated solution of load chlorofluoride, and 
Anally two or three times with ice-cold water. The compound is dried tw'o hours 
at 140-150° C., and weighed as PbF('l. 

>'rhc results arc slightly low', owing to the solubility of calcium fluoride: 
KM) cc. IIzO dis.solves 0.0()16 gr.am CaFa; 100 cc. 1.5 N. llCjIIjOa dissolves 0.011 gram. 

* Low rccoTiimciids disintegration of the fluoride with sulphuric acid, diluting 
the mixture with water, boiling with ammonium chloride, and then with ammonium 
hydroxide and hydrogen peroxide. Calcium oxalate is now precipitated from the 
filtrate and GaO determined by titration with standard jicrmanganate according to 
the usual procedure for detentiination of lime. 

» Z. anorg. C^hem., 70, 173 (1911); Chem. Abs., 5, 2049 (1911). 

*()ne hundred grams II 2 O at 18° C. dissolves 0.0325 gram PbFOl and O.lOSl 
gram at 100° 0. 
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VOLUMETRIC METHODS FOR THE DETERMINATION 

OF FLUORINE 

Volumetric Determination of Fluorine — Formation of Silicon 
Tetrafluoride and Absorption of the Evolved Gas in Water. 
Offerman*s Method ^ 

Silicon tetrafluoride is fonned by the action of sulphuric acid upon a fluoride 
in presence of silica, the evolved gas is received in water and the resulting com- 
pound titrated with standard potassium hydroxide. The following reactions 
take place: 

A. 3SiF4-|-2H*0 »2Il2SiF,+SiO*. 

B. H*SiF,+6K0H=6KF-|-Si0*4-4H*0. 

The method is suitable for determining fluorine in fluorspar in evaluation 
of this mineral. 

Procedure. The powdered sample, containing the equivalent of 0.1 -0.2 
gram calcium fluoride, is mixed with about three times its weight of pulverized 
quartz (previously ignited and kept in a desiccator), placed in the decom- 
position flask F, shown in Fig. 36, and about 1 gram of anhydrous copper sulphate 



CaC/g SodaUme 


Fio. 36. 

added, followed by 25 cc. of concentrated sulphuric acid. The stopcock E 
is closed and the air bath heated gradually till in one-half hour the temperature 
has risen to 220°. The cock E is now opened and air slowly forced through the 
apparatus (by means of water pump) at the rate of about three bubbles jicr 
second, the temperature being kept at 220°, and the flask containing the sample 
occasionally shaken. When tlie bubbles of silicon tetrafluoride have disappeared 
from F, the flame is removed, but the air current continued for half an hour 
longer. The solution in the receiving flask is now titrated with 0.1 N. KOH. 

Notks. The apparatus shown in the cut is the form recommended by Adolph, 
and the details of procedure arc essentially his. This method is preferred to that 
of Penflcld,* in which an alcoholic solution of potassium chloride is used to absorb 
the tetrafluoride, and the liberated hydrochloric acid titrated with the standard 
alkali in presence of cochineal indicator. 

The results obtained by this method arc generally low, but the procedure is use- 
ful for rapid valuation of fluorspar. 

^ Z. angew. Ghcm., 3, 61.5 (1890). Wm. H. Adolph, Jour. Am. Chem. Soc., 
87, 11, 2600 (1915). 

* Am. Chem. Jour., 1, 27 (1879). 
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The bottles A, Ji, C, and D are for tht? fiurposc of thorouRhly dryinj? the air, as 
moisture in the a]>i>aratiis is to be avoided, (r eontains strong siiljihuric acid, // 
is fillc:d with nhiss beads to remove suli>huric ar.itl sjjray, / and J are emi>ty tubes, 
\vhi(!li should be thoroughly dry. 'J'he gas is eomplctely absorbed in K. 

Volumetric Determination of Fluorine — Ferric Chloride Method ^ 

'I'lie procedure, worked out by (Jrciof, depends upon the principle that 
a neutral aqueous solution <»f ferric chloride forms a white crystalline procipi- 
tato with neutral solutif)ns of alkali fluorides, the following reaction taking place: 


OXaK+FeCla = NuafFeF.) +3XaCl. 


The double fluoride is only very slightly soluble in water and does not fonn the 
red compound Fe(CNS)» with sulphocyanatcs. The addition of sodium chloride 
makes the {irecipitation more complete. 

Procedure. Half a gram sample of the sodium or potassium salt is placed 
in a 300-cc. Erlenmeyer flask, and dissolved in about 25 cc. of hot water, 
then cooled and 20 grams of sodium chloride and 5 cc. of potassium sulpho- 
cyanate added (100 grams KCNS per 500 cc. HjO). The solution is titrated 
with a standard solution of ferric cliloride (of such strength that 100 cc. is 
equivalent to about 1 gram of NaF) until a yellow color is produced. Ten cc. 
of alcohol and 10 cc. of ether arc now added and the mixture shaken gently, 
then the fljisk closed and shaken vigorously. The titration is now continued 
until the ether layer is permanently colored red. 

Note. Commercial sodium fluoride frequently contains free hydrofluoric acid 
and silico-fluoride. '’I'hese are convertwl to the fluoride of sodium by titration with 
sodium hydroxide in ]>roscncc of phenolphthalcin to neutral reaction; the total fluoride 
may now be determined as described. 

The free acid may bo determined by titniting the salt in an aqueous alcoholie solu- 
tion in presence of pota-ssium chloride, wliich converts the silico-fluoride to the in- 
soluble ])utassiiim silico-fluoride. 

Colorimetric Determination of Fluorine — Method of Steiger^ 

and Merwin ^ 

The method is based on the bleaching action of fluorine upon the yellow 
color produced by oxidizing a solution of titanium with hydrogen peroxide. 
A known amount of titanium in solution is mixed with definite volume of the 
solution containing the fluorine and the tint compared with a standard solution 
containing an eiiuivalent amount of titanium. The extent of bleaching enables 
the computation of the fluorine present. The method is applicable to deter- 
mination of fluorine in amounts ranging from 0.00006 to 0.01 gram. Merwin 
has shown that large amounts of alkali sulphates have a bleaching action 
similar to fluorine. Addition of free acid, or rise of temperature, intensifies 
the color lost by bleaching. Aluminum sulphate has no marked effect on standard 
solutions, or on solutions bleached by alkali suljihates, but it restores the color 
to a considerable degree to solutions bleached bj' fluorine. Ferric sulphate has 
a similar effect. Phosphoric acid bleaches a standard solution. Silica has little 

‘ Mclhixl by A. CJrccf, Analyst, 191.3. p. .'>21. C. N., 7, 3930 (1013). 

® (!. Slcigi*r, .lour. Am. Chem. Hoc., 30, 219, 1908. 

" 11. K. Merwin, Am. Jour. Sei. (4), 28, 119, 1909. Chem. Al>s., 3, 2919 (1909). 
J. W. Millor, “ A Tre."tise on Quantitative Inorganic Analysis.” Chas. Griffin & Co. 



184 


FLUORINE 


effect. According to Alorwiri an accuracy of 0.002 gram may be expected, an 
error which is half that of the most reliable gravimetric method. 

Reagents. Stamiard Titanium. Solution. An intimate mLxturo of 1 gram 
of TiO» and 3 grams of ammonium iMirsulj)ha(e is heated until the vigorous 
action has ceased, and the ammonium sulphate is expelled. The residue is treated 
with 20 cc. of strong sulphuric acid, heated to fuming and, when cold, poured 
into al)out SOO cc. of cold water. When the suspentled salt has dissolved, 
57.5 cc. of strong sulphuric acid are added, and the solution nia<le up to 1000 
cc. (50 cc. or more of the solution should Ijc analyzed for 'I’iO.). One cc. will 
contain 0.001 gram Ti( )*. 

Standard Fluorine Solution. 2.21 grams of sodium fluoride, which has been 
purified by reerj'stallizing, washing, and igniting strongly, is dissolved in 10(K) 
cc. of water. One cc. will contain 0.001 gram fluorine. 

Sulphuric Acid. 95.5% solution, .sp.gr., 1.S4. 

Hydrogen Peroxide. Ordinary strength. 

Standard Colored Solution. The solution used in dctcrminitig fluorine in 
nuitcrials fused with alkali carbonates contains 10 cc. of the titanium solution, 
4 cc. of hydrogen peroxide, and 4 cc. of concentrated sulphuric acid. 

Apparatus. Nessler Tubes 6 cm. long, 2.7 cc. in diameter are recommended 
by the authors. C'olorimeters may be u.seil in place of Nessler tubes. A verj*^ 
suitable type for this i)urpose is shown on page 245, Fig. 43. 

Procedure. Two grams cjf the powdeml sample are fused with S grams 
of mixed sodium and potassium carboixates, the fusion taken up with hot water, 
and when leached, 3 to 4 grams of ammonium carbonate added. The mix is 
warmed for a few minutes and then heated on the water bath till the ammonium 
carbonate is decomposed and the bulk of liquid is small. Silica, ferric oxide, 
and alumina oxide are thrown down and are removed by filtration. The filtrate, 
which should not exceed 75 cc., is treated with 4 cc. of hydrogen peroxide, and 
then 10 cc. of standard titanium solution cautiously added (HsO, prevents 
precipitation of Ti02 by the alkali carbonates), followed by 4 cc. of strong sulphuric 
acid to neutralize the alkali carbonates. The solution, neutral or slightly acid, 
acquires a light orange tint. A little sodium carbonate is added in just suf- 
ficient amount to discharge the color, and then a drop or so of acid to a gain 
restore it. The amount of excess acid now required depends upon the amount 
of fluorine present in the solution. For amounts of fluorine less than 0.0025 
gram (0.125% of sample), 3 cc. of acid are added. For amounts of 0.0025 to 
0.012 gram fluorine, 12 cc. of acid are added. The solution is diluted to 100 cc. 

Comparison. The test solution is now compared with the standard solu- 
tion containing 10 cc. titanium reagent, and the same amount of acid and 
hydrogen peroxide as in the test sample, in a volume of 100 cc. If Nessler tubes 
are used, these are held over a white surface illuminated with diffused light. 
In the absence of a bleaching substance, such as fluorine, the two solutions will 
have the same tint, but in presence of fluorine the bleaching effect will cause 
the test solution to appear paler than the standard. The depths of the liquids 
are adjusted so that the tubes will have the same intensity of color when moved 
from right to left or reversed. Should the left eye perceive a darker shade the 
tube on the left will appear uniformly darker whether it be the test sample or 
the standard. The comparative depths of the liquids in the tubes are measured 
and the ratio obtained by dividing the depth of the fluorine solution by the 
depth of the standard and multiplying by 100. Reference may be made to the 
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l)lc)tt{i(l curve shown in Fig. 37. 


The ratio 


Doptli of F Sol. 
Depth of Standard 


X100=the 



Fia. 37. 


abscissa, while the ordinate represents the amount of fluorine in the 2-gram 
sample. 

Example. Suppose the test solution »3.6 cm. and the standard «>4.5 cm., 



Fio. 38. 

the ratio then =80, from the curve it is evident that the fluorine =0,00095 grain 
or 0.0475%, since a 2-gram sample wa^ taken, 
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According to Menvin, however, the hlejichiiig effect of alksili sulpliates, which 
are present, will make the rati«> much higher than it would he if they were 
absent. (The sulphates alone give a ratio of 125.) 'I'liis ratif» should he deter- 
mined on two 8-gram portions of tlu5 alkali carbonate mixtui'e us(‘d in the fu.'sion 
and the correction made accordingly. If vi =ratio of the hl:ink tliiis obtained, 
and r the ratio of the final test, then the formula, according to IMerwin, is 
T ~~'in 

=gram fluorine in the sample, 4 cc. exce.ss sulphuric acid being used 

in the sample.s, or — — ' = grams F, if 12 cc. of acid are used in testing larger 
fioOO 

amounts of fluorine. The plotted curve. Fig. .‘18, is that given by Merwin, 
and shows the effect of acidity on the depth of color obtained. The abscissa 
represents the ratio of the solutions, and the ordinate the amount of fluorine 
in grams. Temperature of the tests was 22° C. 


VALUATION OF FLUORSPAR 

The following procedure, worked out by Dr. Hi<ltel,' meids tlie comna'rcial 
requirements for the vahi.ation of fluorspar. Tlie dctiMiuinations usually re<iuired 
are calcium fluoride, silica, Jind calcium carbonate; in some particular cas(‘s 
lead, iron, sine, and sulplmr. 

^ocedure. Calcium Carbonate. One gram of the finely i)owdered sample 
is placed in a small l''.rlenm(!yer flask, 10 cc. of It)/,', acetic acid are added, .a 
short-stemmed funnel inserted in the neck of the flask as a splash traj), and 
the mixture heated for an hour on a water bath, agitating from time to time. 
The calcium carbonate is decompose<l and may be dissolved out as the sohjble 
acetate, whereas the fluoride and silica are practically unaffected. 'Fhe solutioti 
is filteml through a 7-cm. ashU'ss filter, the msidim washed with warm water 
four times, and the filter burned off in a Aveighed ])latinum cniciblo at as low 
a temperature xis possible. The loss of weight minus t).'X)15 gram (the amount 
of calcium fluoride soluble in acetic acid under the conditions named) is reported 
as calcium carbonate. 

Silica. The residue in the platinum crucible is mixed with about 1 gram 
of yellow mercuric oxide, in form of emulsion in water (to oxidize any sulphide 
that may be present); any hard lumps that may have fonned are broken up, 
the mixttire evaporated to dryness and heated to dull redness, then cooled 
and weighed. About 2 cc. of hydrofluoric acid are added and the mixture 
evaporated to dryness. This is repeated twice to ensure complete expulsion 
of silica (as SiF^). A few drops of hydrofluoric acid are then added, together 
with some macerated filter paper, and a few drops of ammonium hydroxide to 
precipitate the inm. The solution is evaporated to dryness, heated to dull 
redness, cooled and weighed. The loss of weight is reported as ftilica. 

Calcium Fluoride. The residue is treated with 2 cc. of hydrofluoric acid 
and 10 drops of nitric acid (to decompose the oxides), the crucible covered and 
placed on a moderately warm water bath for thirty minutes, the lid then 
removed and the sample taken to dryness. The evaporation with hydrofluoric 
acid is repeated to ensure the transposition of the nitrates to fluorides, and if 

* Dr. E. Bidtel, CUicrnist, Fairviow Pluorapar and Loa«l Coinjmny, .Tour. Tnd. Eng. 
Chem., Vol. 4, No. 3, March, 1912. 
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thfi rosiduc is still colored, hydrofluoric uttid aKJiiii added and the mixture taken 
to dr>uu‘ss a third time; then a few drops of hydrofluoric acid are added and 
10 (•<!. of ammonium acetah; solution (the acetates solution is made by neutral- 
iziiijr 4(K) (;e. of iS0% acelies acid with strong ammonia, adding 20 grains of citric 
acid and lujsking the mixtuns up to 1()(M) cc. with strong ammonium hydroxide). 
The mixture is digestesd for thirty minutes on a boiling water bath, then filtered 
and washed with hot water containing a small amount of ammonium acetate, 
and finally wifh pure hot water. (Several washings by decantation are advis- 
able.) 'Phe re.sidue is ignited in the same crucible and weighed as calcium flmride. 
An addition of 0.0022 gram should be nuide to compensate for loss of CaF*. 

Pure calcium fluoride is white. To tcist the purity of the residue, 2 cc. of 
sulphuric; acid are add(‘d and the inat(;rial taken to fumes to decompose the 
fluoride; 1 cc. of additional sulphuric acid is added and the excciss of acid 
cxiioUckI by hc'afing. 'Phe residue is wcfiglwd as calcium sulphate. This is now 
fuscnl with sodium carbonate, and the fusiem trc'ated with hydrochloric acid 
in exccjis. If barium is jiresent the soluticm will be cloudy( =HaS 04 .) 


ANALYSIS OF SODIUM FLUORIDE 

Preparation of the Sample and Insoluble Residue. Ten grams of the 
.sample are dissolved in 2.10 cc;. of water in a beakc'r, and boiled for five minutes, 
then filtered into a litc'r flask through an ashlc.ss filter; the residue is washed with 
several portions of water and ignitc'd. This is weighed as insoluble residue. 
The filtrate and washings are made to 1000 cc. with distilled water. 

Sodium Fluoride. Fifty cc. of the .solution ecpiivalent to 0.5 gram of 
sam[)lc; an; dilutc'd to 2(M) c‘c‘. in a bc;aker, 0..1 gram sodium carbonate is added 
and the mixture boilc;d. An excess of calcium c;hloride solution is now added 
slowly and bculed for about five minutes. A small amount of paper pulp is 
added to ]irevent the ])rec*ipitate from running through the filter, the precipitate 
allowed to settle and thc;n filtered, using a 9-cm. S. & S. 690, or B. & A. 
grade A, filter pa]K;r. The fluoride is washed twice by decantation, and four 
or five times on the filter with small portions of hot water. The final washings 
should be practically frexj of chlorine. 

The residue is ignited in a platinum dish, then treated with 25 cc. of acetic 
acid, and taken to dr>mess. This treatment is repeated and the residue taken 
up with a little hot water and filtered. The calcium fluoride is washed free of 
calcium acetate with small portions of water, remembering that CaFi is slightly 
soluble in water. The ignited residue is weighed as CaF 2 . 

CaFsX 1.0757 =NaF. 

Sodium Sulphate. T'o the filtrate from calcium fluoride is added 10 cc. 
hydrochloric acid and then a hot solution of barium chloride. The BaS 04 is 
allowed to settle, filtered, washed, dried, ignited, and weighed as usual. 

BaS04X0.60S6 =Na 2 S 04 . 

Sodium Carbonate. Sodium carbonate is determined on a 5-gram sample 
by the usual method for carbon dioxide as described in the chapter on Carbon. 

Approximate results may be obtained by adding a small excess of normal 
sulphuric acid to 5 grams of Uic fluoride in a platinum dish, boiling off the carbon 
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dioxide, and titrating the excess of acid witii normal caustic, using plienolphthalcin 
indicator. 

One ce. N. J 12804=0.053 gram Na^COj. 

II2SO4X 1.0816 — ^a2CX)a. 

Sodium Chloride. Fifty cc. of the .sample is titrated with N/10 AgNOs 
solution. 

Silica. This is prol)ably present as sodium fluoride and silicate. One gram 
of the sample is dissolved in the lca.st amount of water and a small excess of 
Ijydrofluoric acid added to convert the silicate to silicf)-fluorido, then an 0(10.11 
volume of alcohol. After allowing to stand for an hour, the i)recipitatc is filtered, 
washed with 50% alcohol until free of acid and the filter and fluoride are placed 
in a beaker with 100 cc. of water, boiled and titrated with K/10 NaOH. 

One cc. N/lONaOH =0.0015 gram SiO* or 0.0047 gram NaaSiFj. 

Volatile Matter and Moisture. One-gram sample is heated to dull redness 
to constant weight. IjOss of weight is due to moisture and volatile products. 


DETERMINATION OF TRACES OF FLUORINE 

An approximate estimation of traces of fluorine may be made by utilizing 
the method outlined for detection of this element. 'Phe aj^paratus ^ is the 
same, with the exception that the crucible rests in a paraffine bath containing 
a thermometer to regulate the temperature. A casserole may be used to hold 
the paraffine, liy varjdng the amounts of substance tcstwl an etch is obtainwl 
that is comparable with one of a set of standard etchc's, obtained with known 
amounts of fluorine in form of calcium fluoride, added to the .same cla.ss of material 
examined. 

The conditions in obtaining the standanl etches and those of the tests should 
be the same. 'I’his applies to the temperature of the paraffiiwj bath, duration 
of the run, size of mark exposing the surface of the test-plate, and the general 
mode of procedure. 

Note. The importance of regulating the temperature may be seen by the results 
obtained by Woodman and Talbot. \Vith a temperature of 79-82“ 0., one jxirt 
of fluorine may be detected in 25 to 100 thousand f)arts of material; by raising the 
temperature to 136® C., the delicaciy of the pro(!edure is increased to one ])art of 
fluorine in 1 to 5 million parts. The limit of delicacy is apparently reached at 213-218° 
C. (i.e., 1 part F per 25 million). 

^ A metal condcaser, such as is recommended for mercury determinations, may 
be used and the paraffine bath substituted by an electric heater automati(!ally con- 
trolled. 

* Crisco is claimed to be better than paraffine, as this dues nut give off any un- 
pleasant fumes when heated. 



GLUCINUM (BERYLLIUM) 

W. W. Sam. 

CJ!, at.ivt. 0.1; sp.gr. m.p. > 5)«0® C.; oxide, GIO, 

DETECTION 

In the usual course of analysis Rlucinum will be precipitated by ammonia along 
with iron and alutninum hydioxides. Silica having been removed by evaporation 
to dryness of the acid solution of the substance, extraction of the residue with 
dilute hydrochloric acid and subse(iuont filtration; the members of the hydrogen 
sulphide group are precipitated from slightly acid solution by hydrogen sul- 
j)hi(h{. 'Fhe filtrate is concentrated to about JtO cc., and about 2 grams of sodi um 
peroxide are added to the cooled Ihiuid, which is now heated to boiling and 
filtered. Fe(()II )3 remains insolubh, if iron is present, while aluminum and 
glucinum dissolv'c. The filtrate is acidified with nitric acid, and ammonia then 
added in excess. If a precipitate forms, alumina or glucinum or both are indi- 
cated. (llucinum hytlroxide and aluminum hydroxide cannot bo distinguished 
by appearance; the solubility of the former in sodium bicarbonate solution makes 
it ])ossible to separate the two. The preeijiitate is dissolved in acid and the 
solution made almost neutral with ammonia. Solid sodium bicarbonate is added 
ill sufficient amount to make the solution contain 10% of the reagent and the 
mixture heated to boiling, then filtered. Alumina hydroxide remains on the filter 
paper and glucinum passes into the filtrate, in which it may be detected by 
diluting to ten volumes with water and boiling, whereupon glucinum hydroxide 
precipitates. 

(jlucinum hydroxide, (51(()H)2, is precipitated from neutral or acid solu- 
tion by ammonia, insoluble in excess (distinction from A1(0H)3). It is pre- 
cipitated by sodium and [lotassium hydroxides, .soluble in excess (separation 
from iron); if this solution is boiled Ctl(()H )2 is rcpiecipituted, Al(OH )3 remains 
in .solution. 01(011)2 is soluble in an excess of ammonium carbonate, A1(0H)3 
is insoluble. 


ESTIMATION 

Glucinum occurs in the minerals beryl, euclase, davalite, chrysoberyl, helvite, 
leucophane, jihencaite. 

Tlie oxide, 010, is soluble in strong sulphuric acid. It is decomposed by 
fusion with potassium fluoride, 'fhe freshly precipitated hydroxide, 01 ( 011 ) 2 , 
is easily soluble in dilute acids, in alkalies and alkali carbonates and bicar- 
bonates. 

The methods of preparation and .solution of the sample are the same as 
those described for the estimation of aluminum. For details of these procedures 
the analyst is referred to the chapter on this element. 
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SEPARATIONS 

Removal of Silica and Members of the Hydrogen Sulphide Group. Soi: 
procedure given under “ Deteefion.’’ 

Separation of Glucinum from Iron and Manganese. The sicid solution 
is nearly ueutraliised with uininonia .and then poured with constant .stirring into 
an excess of a cold mixture of ammonium sulphide and carhonato. Iron and 
manganese are precipitated, Avhereas glucinum p.asses into the tiltral(‘. (Zir- 
conium and yttrium will he found with glucinum, if they are pres(‘nt in tlu; 
material exjunined.) 

Separation from Zirconium and Yttrium. The filtrate obtained from 
the separation of iron .and mangjinese is hoihvl for an hour, the precipitate 
is filtered and washed, then dissolved in dilute liydrochlori<! iici«l. To this 
solution is addeil an excess of .sodium hydroxiih*, /in'ouium and yttrium are pre- 
cipitated, wheitias glucinum remains in .solution. After filtering, glucinum 
may be precipitated by boiling the diluted filtrate. 

Separation from Aluminum, Chromium and Iron. 'Fhe elements precip- 
itated as hydroxides are ignited to o,\id(!.s and fused with sodium carbonate 
for an hour or more. Upon le.aching with w.ater, aluminum aiul chromium dis- 
solve, while iron and glucinum reiiuain iiLsolublc. The oxidt's of glucinum and 
iron may bo separated by fusion witli sodium acid s\ilph.at(*, extracting with water 
and precipitating the iron with an excess of so«lium hydi’oxidt!, glu(‘inum re- 
maining in solution. 

Separation of Glucinum from Aluminum. The hydroxides of alumina 
and glucinum are precipitated with ammonia and the precipitate tniated with 
an excess of ammonium carbonate. Gl(OH)j dis.solves, whereas Al(()H)j re- 
mains insoluble. See Detection, also Gravimetric Method for Determination 
of Glucinum. 


GRAVIMETRIC DETERMINATION OF GLUCINUM 

The procedure recommended by Parsons and Barnes ^ depends upon the 
solubility of glucinum hydroxide in .a 10% sodium bicarbonate solution, in the 
separation of this element from iron and aluminum hydroxide precipitate, with 
which it is commonly thrown out from solution. Uranium, if present, also 
dissolves.) 

Procedure. Silica ami the members of the hytlrogen sulphide group having 
been removed by the usual methods (See Dete(!tiou), hydrogen sulphide is 
expelled by boiling, nitric aedd is added in sufficient amount to oxidize iron 
(the hydrochloric acid solution turns yellow) and ammonium hydroxide added 
in slight exceas. The precipitated hydroxides are allowed to coagulate by heating 
to boiling and, after settling a few minutes, filtered and washed with a 2% 
solution of aimnoniiun acetate containing free ammonia. 

Separation from Iron and Aluminum Hydroxide. The precipitate is 
dissolved in hydrochloric acid, the solution oxidized with nitric acitl or hydro- 
gen peroxide (C.P.), if necessary, and the free acid then neutralized with ammonia. 
To the cold solution are added 10 grams of sodium buiarbonate fur each 100 cc. 

^C. L. Parsons and S. K. Barnes, Jour. Am. Chem. >Soc., 28, 1589, 1006. 
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of licluid. Tlu) luixturo is hraied to l)oiHng and boiled for one iniimtc,^ then 
cooled and filUired. l^lie nisidue is w:islie(l witli hot 10% solution of sodium 
bicarbonate. Iron and ahnuiiuiirx In^droxides remain on the filter and gluei- 
num ])ass(?s into the filtrate. 

To recovtir occluded glucinuiu from the hydroxides of iron and alumina, 
the pre<dpitate is <lissolv(Hl in a few <Irops of hydrochloric acid, and the pre- 
cipitation repeated. It is edvisiible to re])eat tliis treatment a third time, 
adding the liltrat(\s 1o the first portion cRjntaining the glucinum. 

Precipitation of Glucinum. The combined filtrates from the alumina and 
iron hy<lroxides are acidified witli strong hydrochloric acid, the beakers covered 
to prevciut loss by spurting and the carbon rlioxide completely removed by 
boiling. (('(>2 remaining in solution would form ammonium carbonate, on sub- 
seciuent treatment vith ammonia, which wouhl dissolve ghicinum.) A slight 
excess of ammonia n )W aihled, the mixture again boilcMl and the i)recipitated 
ghicinum liydroxide allowcnl to settle, then fill(‘red and washed witli a 2['^o sohi- 
tifui of ammonium ac(‘tatc; containing free ammonia, until the chlorides are removed. 
After ignition tlie residue is w(aghed as ghicinum oxide, (JU). 

(;i()X0.dfi2(i-(n. 

nVolonged boiling would cniise the loss of too much CXb, so that Al(OH)3 would 
be apt to pass into soliit ion. The evolution of ( b may be mistaken for boiling. 



GOLD 

W. G. Dbubv 

AUfatvDt. 197.2; 8p.gr. 19..33; m.p. 1063; b.p. 2530° C; oxides, Au^O, Au^Oj 

DETECTION 

Because of the limited application and tediousness of wet methods, the 
detection of a small quantity (2 parts |ier million or loss) of gold in a mineral or 
base metil is most positively carried out by furnace methods of assaying. 
Wet methods of detection of traces of gold can be applied only to solutions free of 
colored salts and elements precipitated by the reagents employed. As a rule, 
in the treatment of an unknown substance, .advantage is taken of the solubility 
of most metals and their compounds, and insolubility of gold by one of the mineral 
acids. 

Detection of Gold in Alloys. In metals or alloys which produce colorless 
solutions with dilute nitric acid, gold, in the absence of other insolul)le matter, 
exhibits itself as a black or brownish residue wliich sellk's readily, and from which 
the liquid can be separated by careful decantation. If un.associated with metals 
of the platinum group, this residue will become yellowish brown on heating with 
strong nitric acid. 

In copper, nickel and such alloys, which leave a residue of sulphur, carbon or 
sillcious matter on treatment with dilute nitric acid, the solution is filtered through 
double ashless filters and the filter and residue incinerated in a jKircelain crucible. 
The residue, which may require pulverizing, is digested for a few minutes with 
aqua regia, and the dilute, filtered solution evaporated to dryness by heating 
below 200° F. Just as soon as dry, the mass is moistened with the least (juantity 
of hydrochloric acid and the purple of Cassius test applied to its water solution 
in a small volume. This test is made by adding a solution of stannous chloride, 
containing stannic chloride. In strongly acid and concentrated gold solu- 
tions a precipitate of brown metallic gold is obtained. If the solution is but 
slightly acid and dilute, a reddish purple color is produced by colloidal gold and 
the stannic acid. The tint fades on standing. Addition of aimuonia produces 
a red coloration. 

This test applied to 1 part of gold in 600,000 of solution will impart a per- 
ceptible shade; to double this (quantity, a mauve color. When gold is present in 
somewhat greater proportion a flocculent precipitate will form. 

Teat for Gold in Minerals. From minerals, in which the metal exists in unal- 
loyed, or uncombined state, gold may be extracted by iodine in potassium iodide 
solution, or by chlorine or bromine water. All minerals containing sui])hides 
should be roasted. In natural or roasted state the sample should l)e ve y finely 
pulverized, and usually yields the gold best if first digested with nitric acid and 
washed free of soluble salts. The sample in a flask is covered with bromine 
water, the flask closed with a plug and shaken frequently during a period of tlu'ee 
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or four hours. The purple of Cassius test is s’pplied to the extract, removed by 
dccantati n after ( on' entratiori. 

If it is evident that base metals are present in the bromine water extract in 
quantity suffieient to mask the purple of Cassius test, hydrogen peroxide is added 
to tho eoneentrated liquid, slightly alkaline with sodium or potassium hydroxide 
or carbonate.^ After boiling tho solution until hydrogen peroxide is removed, 
I)re(‘ipitated hydroxides or carbonates are dissolved by hydrochloric acid. Gold in 
exceedingly small (juanlity exhibits itself as a light-brown residue on a fine filter. 
Tliis indication should be confirmed by a purple of (Jassius test on the aqua regia 
solution of tho residue; the test («irri<^d out in the same manner as on the residue 
from a solution of a metal. 

Benzidine Acetate Tests. Maletesta and Nola ^ make use of ben/idine acetate 
(1 gram benxiditie dissolved in 10 cc. acetic acitl and .’iO cc. water) as a reagent in 
the detection of gold and plaliimm in quite dilute solutions. Gold gives a blue 
coloration which gradually changes to violet. The coloration is green in the 
presence of free aceti<! acid, changing to blue with addition of ben;{idine in excess. 
Platinum gives a bliuj flocculent precipitate, the formation of which is pro- 
moted by heating. I’ree mineral acids h.ave no influence on the gold and retard 
the platinum reaction only in the coUl. Since ferric salts give a blue colora- 
tion, stable only in excess of bcr)zidine, their absence mast l>e assured before 
application of the t«‘st for the prcaaous metals. 'Fhc limit of sensitiveness 
of the test is 3.'5 parts for gold and 125 parts for platinum jHir 10,000,000. 

Phenylhydrazine Acetate Test. J^. Pozzi Escot ® adds phenylhydrazine 
acetate to a v(‘ry dilute gold solution which contains an excess of an organic acid 
(formic or citric). A violet coloration, ixsrmaueut for several hours, is imparted. 
The depth of color is proportional to the (juantity when the gold is present in less 
amount than one part in 500,000. 

ESTIMATION 

Solubility 

Gold in massive form is practically insoluble in pure nitric, sulphuric or hydro- 
chloric acids, but in the pre.sence of oxidizing agents, is attacked appreciably by 
sulphuric, and actively by hydrochloric acid. Gold is found in minute quantity 
in the nitric acid * .solution of its alloys and in such as contain selenium, the 
amount may be a large part of the total present. 

Gold is attacked energetically by aqua regia. Large amounts of gold are 
di.s.solvcd with reciuirement of least attention when the proportion of hydrochloric 
acid is several times that of the aciua regia formula, (3IIC1 : iHNOj). 

Gokl is dissolved by solutions of chlorine or bromine, by alkaline thiosulphates; 
in tho presence of free oxygon by iodine in potassium iodide solution, by soluble 
cyanides, by fused potassium or sodium hydroxide; by fused potassium or sodium 
nitrate or sulphide. In a finely divided state, it is dissolved by a solution of potas- 
sium or sodium hydroxide. 

Gold alloys quickly with molten lead. When in the form of bright, untarnished 
particles it alloys readily with mercury. 

* Vanino and Seeman, Berichte, 32, 1968; Ilossler, Zeit. Anal. Chem., 49, 733. 

* Bull. Chim. Farm, 62, 461; Chem. Abs., April 20, 1397, 1914. 

* Am. Chim. Anal. AppL, 1^7, 12, 90; J.S.G.I., June 15, 1907, 645. 

* Dewey, J.A.G.S., March, 1910, 318; E. Keller, Bull. Am. Inst. Min. Eng., 67, 681. 
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GRAVIMETRIC METHODS 

Crold is always weighed in metallic state, and is determined most accurately 
in the form of the mass obtained by dilute nitric acid treatment of the silver 
alloy resulting from the operation of cupcllation in the method of assaying by 
furnace processes. On account of tediousness in making complete separation 
from associated metals, and of uncertainty in collection of the product in a 
form suitable for accurate weighing, direct precipitation methods are never used 
for the valuation of gold-bearing material, but may be applied to the estimation 
of gold in plating baths, the Wohlwill parting electrolyte and solutions of similar 
type. 

Precipitation of Gold. From such solutions of auric chloride, slightly acid 
with hydrochloric, freed of oxidizing agents by evaporation and displacement with 
hydrochloric acid, and containing but little of the salts of the alkalis or alkali 
eart^, gold is separated from other than occluded platinum and palladium by 
precipitation with oxalic acid, ferrous sulphate, or hydrazine hydrochloride. The 
reactions are hastened by heat. When salts of the alkalis or earths are present, 
equally^ good separation and more complete precipitation can be obtained 
by addition of excess of sodium peroxide, boiling vigorously for a few minutes 
and then acidifying with hydrochloric acid. The precipitated metal is collected 
on an ashless filter paper, and after drying, weighed. 

Gold precipitated from a very weak solution is in such fine form that it is not 
wholly retained by the finest paper. 


Wet Gold Assay of Minerals 


A wet gold assay, suitable for prospector's use,^ is carried out by covering one 
assay ton (29.17^ grams), of the finely pulverized natural or roasted ore, in a por- 
TOlmn mortar, with 50 cc. of a solution of 2 parts of iodine and 4 parts potassium 
iodide in 100 cc. of water. Sulphide ores should be roasted and digested with 
nitric acid before treatment with the iodine solution. Simila/ treatment is 
advantageously applied to all ores. The ore is ground in contact with the iodine 
solution and additions of the halogen are made whenever the liquid becomes color- 
less. The solution is then allowed to stand at least an hour. To the filtrate 
and washings from the pulp, in a glass-stoppered bottle or flask, are added 5 
gra^ of gold free mercury. The liquid is shaken vigorously with the mercury 
until clear. The mercury is then transferred to a small porcelain casserole, 
washed with clean water and dissolved by warming carefully with 10 cc. nitric 
acid. The gold mass is washed free of nitrate of mercury by decantation, dried 
and annealed by heating in a casserole over a Bunsen flame, and the metal 
weighed. Each milligram represents an ounce per ton. Results obtained by this 
method of asM 3 ring are usually more than 60 per cent of the actual gold content. 

Electrolytic Method. The gold content of a cyanide plating bath containing 
no potassium ferrocyanide may be estimated by electrolysis.* 

Procedure. A measured quantity, 25 to 50 cc. in a tared platinum dish, is 
diluted to 1 cm. of the rim of the dish and using a carbon or platinum anode, elec- 


* De Min. Sd. Pr^, 100. 896; Hawson, Min. Sci. Press, 100, 936; Davis. 

Minra Mmerals, Oct., 1910, Feb., 1911; Austen, Inst, of Min. and Met., May 

lull* 

* Electro Deposition of Metals, Langbein. 
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trolyzed for about three hours at a current density NDioo ■>■0.067 amp. (.0.0043 per 
square inch). Completion of deposition is recognized by the lack of any deposit 
within fifteen minutes, on a platinum strip suspended on the rim of the dish. The 
dish plus gold deposit is washed, rinsed with alcohol, dried at 212° and when cold 
weighed. 

The following is a summary of the conditions of deposition of gold in compact 
form as descriln'd Jjy Classen ‘ .‘1 gnims potassium cyanide were added to a gold chloride 
solution containing grams of gold in 120 cc. This solution heated to about 5S** C. 

when electrolyzed at a current density of NDioo= 0.38 amp. (0.024 amp. per square inch) 
with a poti'ntial difference of 2.7-4.0 volts, deposited its gold content in one and a 
half hours. Time required fur deposition is tripled if the electrolyte is at room tem- 
perature. 

Miller^ deposited 0.1236 gram of gold in two and a quarter hours from 125 cc. 
of electrolyte at 50° C. containing 1 gram potassium cyanide by a current of NDigo^^ 
0.03 antp. (0.002 amii. per square inch) and 2.5 volts. 

Perkin and Proble ^ use an idectrolyte containing ammonium thiocyanate in place of 
potassium or sodium cyanide. 

Gold is removed from the pljitinum electrode by warming with a solution of chromic 
anhydride in a satumted salt .solution/ or with a solution of potassium cyanide con- 
taining some oxidizing agent tis hydrogen {icroxidc, sodium peroxide or alkidi per- 
sulphate.^ 


VOLUMETRIC METHODS 

These methods are applicable to the determination of the strength of chloride 
of gold solutions used in photography, electro gilding, and as electrolyte in the 
Wohlwill parting process. 

Preparation of the Sample. Nitric acid or nitrates in the solutions should be 
removed by repeated evaporations to syrup with addition of hydrochloric acid 
saturated with chlorine. Free chlorine or bromine should be removed by addition 
of ammonia to formation of permanent precipitate, then making the solution 
very slightly acid with hydrochloric acid and heating until the precipitate of 
fulminating gold dissolves. The gold solution should contain but little free 
hydrochloric acid, an excessive amount of which may be removed by ammonia. 


Permanganate Method 


Weak gold solutions should be concentrated whenever possible. The perman- 
ganate method,* which is not applicable when the sample contains organic matter, 
depends upon the titration, after complete precipitation of gold, of the unoxidized 
portion of a measured quantity of an added reagent of a known gold precipi- 
tating value. The reagent may be ammonium or potassium oxalate, ferrous 
sulphate or ferrous ammonium sulphate in solutions varying from 5 to 25 milligrnwKi 
gold precipitating value and is titrated with a permanganate solution of approx- 
imately equal oxidizing strength. One part of gold requires for precipitation 1.08 
of ammonium oxalate, 1.40 of potassium oxalate, 4.22 of ferrous sulphate, 5.96 


^Classen, ‘‘Quantitative Chemical Analysis by Electricity,” Classen-Boltwood. 
*J.A.C.S., Oct., 1904, 1255. 

* Elec. Chem. and Met. Ind., 3, 490. 

* Classen-Boltwood, “ Quantitative Chemical Analysis by Mectricity.” 

» Hose, ‘‘ Met. of Gold,^ 5th Ed., 469. 

* Bull. Chim. Farmac., 1894, XXX, III, 35; Oestr. Zeit. f. Berg, und Hut., 182, 1880: 

Sutton, ‘‘ Volumetric Analysis,” 10th Ed.; E. A. Smith, ‘‘ S am pling and Assaying m 
PreciousMetals”;Min.Eng. World, 87,863. /-HS 
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parts ferrous ammonium sulphate, each in crystalline form. The most satis- 
factory precipitations are made with the iron salts. The standard solution of 
either should contain about 0.1 per cent of sulphuric acid. One part of gold, in 
solution as auric chloride, has an oxidizing value equivalent to 0.4808 part of 
potassimn permanganate. 

The precipitating value of 0.2.548 gram of dry Sorenson’s sodium oxalate is 250 
Tnillig r ama of gold, and by titrating a solution of this amount of oxalate in 250 cc. 
of water, aciduated with a few drops of sulphuric acid, the oxidizing value of the 
permanganate solution is obtained in terms of gold. 

The value of the precipitating reagent and relative oxidizing value of the 
permanganate solution can be checked very accurately by adding a mea.sured 
quantity of the reagent to an excess of gold chloride, filtering, washing thoroughly, 
incinerating and weighing the precipitate obtained in a tared porcel.ain crucible. 

Procedure. In carrying out the determination of a gold solution, a meas- 
ured or weighed portion is freed of oxidizing agents, a ineasurod amount of the 
standard precipitating reagent added in slight excess of the amount required to 
decolorize the solution, and digestion on a steam bath or hot plate continued until 
the gold settles out, leaving a clear liquid. A few drops of sulphuric acid may be 
then added and, without filtering, titration performed. '^I’ho gold value of the 
quantity of reagent added, minus that found of the excess of reagent, is the gold 
content of the amount of the sample taken. 

Iodide Method 

Small quantities of gold are determined by Gooch and Morley’s iodide 
method.^ A measured or weighed ijortion of the gold solution is treated, 
as has been descrilxHl for removal of oxidizing agents, with an excess of free 
hydrochloric'-'acid. Potassium iodide solution is run into the cohl ]i(]uid until 
the gold precipitated as aurous iodide is completely dissolved. Starch solution is 
then added, and the amount of N/IOOO thiosulphate recpiired to decolorize the 
liquid noted. IVom this amount is tieducted the amount of N/1000 iodine 
required to just produce a perc»‘ptil)le rose tint in the litiuid. 

The reactions involved .are AuCIa+^KI =AuH-l2+3KCl and l2+2Na2S20j = 

2NaI-|-Na2S40,. 

The gold value of the N/1000 solution of sodium thiosuli)hate should be deter- 
mined by performance of the oix!rations of the metho<l on a known quantity 
of gold, similar in amount and containctl in a volume of sfjiution approxi- 
mately equal to that of the analysis. 

Lenher’s Method. By lienhcr’s method ® of determining gold in solutions free of 
oxidizing agents, sulphurous acid of a reducing stmngth of 2-.5 tuilligniins gold iMJr cc. is 
used as the reagent. The sulphurous acid requires frequent .standardizing by means 
of standard iodme or potassium iodide to which a definite amount of standard |)er- 
manganate has l)een added or by a gold solution of known strength. U.sing starch 
as indicator, the iodine liljeratcd by addition of potassium io<lide can be titrated by 
sulphurous acid. Bromine liiMjrated by i)otas.sium bromide according to the equation, 
AuCl 3 42KBr= AuCl-f-2KCI-|-Br2, can be titrated l)y sidphurous acid. Excess of 
magnesium or sodium chloride gives to auric chloride a yellow color which by sul- 
phurous acid can l>e titrated to the colorless or aurous state. These alkaline salts 
do not interfere in the potassium bromide or iodide reactions. 

1 Amcr. Jour. Sci., Oct., 1899, 261; Min. and Eng. World, 37, 863; Vol. Am., 
Sutton, 10th Ed.: “ Assaying of Precious Metal,” E. A. Smith. 

* Jour. Am. Chem. Soc., June, 1913, 735. 
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COLORIMETRIC METHODS 

Practical application of these methods is made in the estimation of gold in 
the liquors produced in the treatment of ores by the cyanide process. 

Prister*s Method 

By Prister’s method ^ a slight excess of copper solution is added to a 100 to 200< 
cc. portion of a cyanide solution in which the cyanide has been decomposed by 
boiling several minutes after acidifying with hydrochloric acid. Assurance of 
the presence of an excess of copper is made by spot test with a solution of potas> 
sium ferrocyanide. 

The copjier solution is made by boiling for ten minutes in contact with copper 
shavings, a solution of 1 part blue vitriol and 2 parts salt in 10 parts of water, 
and adding a little acetic acid on cooling. A few drops of a 1 to 2 % sodium sul- 
phide solution are added, the liquid boiled for five minutes, the precipitate 
allowed to settle, and liquid separated by decantation on to a filter. The pre- 
cipitate in the bcjiker and on the filter is dissolved with 2^ to 3 cc. of a 3 to 5% 
solution of potassium cyanide to which a few drops of potassium hydrate solu- 
tion has been added. 

Gold is pnicipitated from this cyanide sohition (which may be turbid), by 
adrlition of 1 to 2 g ams of zinc dust and warming to 100“ F. for half an hour. 
J^iquid is s<q)arated by decantation through a filter. The residue on the filter 
and in the beaker is first treated with hj'drochloric acid to disstdve zinc, then with 
10 cc. acpia regia, the reagent Inniig pas.sed several times through the filter. 
Stannous chloride .solution is then added to the liquifi diluted to 20 cc. Com- 
parison of the coloration i)roduced is made with that from a standard solution of 
gold treated in the .same manner. 

Cassel’s Method, liy C'as.sel’.s method * O..') gram i)otassium bromate is mixed 
with 10 to .')(> (•(!. of the cyanide .solution and concentrated sulphuric acid added 
gradually with constant agitation until reaction commences. When the reaction 
stops, saturated solution of stannous ehloride is added dropwise until the liquid is 
just colorless. The tint in’oduced is comijared with that from a standard gold 
solution treated in the .same manner. 

Moir’s Method. By Moir’s method * a measiircHl quantity of the cyanide solution 
is oxidized by addition of 1 to 2 grams of sodium jieroxide and Imiling. If sufficient 
sodium pcro.vide i.s pre.scnt, the brown spot produced by addition of a few drops of 
leatl acetate will immediately dissolve. The lead-aluminum couple formed by addi- 
tion of aluminum powder precipitates gold which is filtered off. To the aqua regia 
solution of the precipitate a solution of stannous ehloride is added drop by drop until 
the litiuid is dissolved. The purple of Cassius tint developed is compared with per- 
manent standards composed of mixtures of solutions of coptier sulphate and cobalt 
nitrate which have l)een iid justed to shades corresponding to those produced by known 
amounts of gold treated according to the method described. 

Bcttel filters suspended matter from the ctyanide solution, adds a measured quan- 
tity of a strung solution of potassium cyanide which contains some cuprous cyanide and 
precipitates gold by the copper zinc couple preduced by addition of a measured quantity 
of zinc fume. The remainder of the method is the same as Pristcr’s. 

* Proc. Chem. Met. .and Min. Soc. of So. Af., IV, 235, 1904. 

^ Eng. and Min. Journal, Oct. 31, 1903. 

* l*roc. Chem. Met. and Min. Soc. of So. Af., f^ept., 1913. 

« Min. World, 33, 102 and 35, 987. 
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Dowsett’s ^ factory test of barren cyanide solutions is capable of detecting 
variation in gold value of 1 cent per ton in solutions varying from one 
cent to about 15 cents per ton. To 500 cc. of the sample in a bottle with slight 
shoulder are added 10-15 cc. saturated sodium cyanide solution, 2 or 3 drops 
saturated lead nitrate solution and 1-2 grams 200-me8h fine zinc dust. The stop- 
pered bottle is shaken violently until the precipitate settles rapidly. Inverting 
the bottle allows the precipitate to settle into a casserole. Clear liquid is removed 
by decantation. Zinc is dissolved by hydrochloric acid added drop by drop until 
reaction ceases. A few drops excess hydrochloric acid and 3-5 drops dilute 
nitric acid (sp.gr. 1.18) are added and the liquid concentrated to 1-2 cc. The 
solution is transferred to a J-in. diameter test-tube, about 1 cc. of stannous chloride 
reagent added and grade of cyanide solution estimated by the tint obtained after 
one or two minutes standing. 1/1000 oz. gold per ton of original cyanide solution 
gives a very slight coloration; 15/10000 a slight yellow; 1/500 a slight pinkish 
jrellow; 3/1000 a strong pink ; l/2£^ the purple of Cassius. Too much nitric acid 
hinders the production and the presence of mercury causes modification of the 
color. No more lead nitrate should be used than is sufficient to produce a rapidly 
settling precipitate. The stannous chloride reagent is a water solution contain- 
ing about 12^% crj^tals and 10% concentrated hydrochloric acid. 

PREPARATION OF PROOF GOLD 

Commercial gold may contain arsenic, antimony, selenium, tellurium, copper, 
lead, mercury, silver, zinc, palladium, platinum and other metals of the platinum 
group. The method of making pure gold depends to a certain extent upon the 
character and quantity of impurities.* The method described assumes the 
raw material to be of extreme impurity. The metal is treated in 10-g -am portions. 

When the metal contains silver its solution is effected most quickly by rolling 
extremely thin and annealing before treatment with acids. 

^ The strips, in a covered No. 6 casserole on a steam bath, are dissolved with a 
mixture of 5 cc. nitric and 50 cc. hydrochloric acid. If but little silver is present 
the quantity of hydrochloric acid may be decreased to 25 cc. The solution is 
evaporated to dryness and the casserole gently heated over a Hunsen flame until 
all the gold is reduced to metal. 

Diction with ammonia will dissolve most of the silver and copper. After 
decanting the ammoniacal solution and washing with water, the gold is digested 
with hot nitric acid. If the solution is wine colored the digestion is continued 
for several hours, and reheated with fresh portions of acid until the absence of 
color indicates removal of palladium. The gold is now dissolved with 5 cc. of nitric 
and 15 to 20 cc. hydrochloric acids, evaporated to dryness, residue moistened with 
the least quantity of hydrochloric acid, dissolved with about 800 cc. water and 
liquid transferred to a 1000 cc. beaker. After the faint cloud of silver chloride 
settles to the bottom of the beaker, the clear liquid only is siphoned to another 
beaker, and allowed to stand another period of several days if it appears at nil 
cloudy. The clear liquid is now siphoned into a 1000-cc. flask and sulphur dioxide 
gas passed imtil the gold is practically all precipitated. The gold is allowed to 

* Trans. I.M.M., 1912-13, 190; Met. and Chein. Eng., July, 1914. 

®8f 786, 1899; “ Metallurgy of Gold,” Rose, 5th Ed.; Min. 
and Sci. Press, Nov. 14, 1903; “ Manual of Fire Assaying,” Fulton; “ Assaying of Pre- 
nous Metals,” Smith. 
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settle, diKestod with hot nitric acid for a few minutes, washed by decantation 
several times, redissoivcd with aqua regia, solution transferred to a casserole, and 
nitric acid cx|x}lled by reix*ated evaporation to syrup with addition of hydro- 
chloric acid. The product of the second evaporation is moistened with the least 
quantity of hydrochloric a(dd, dissolved with water and solution transferred to 
a 1000-cc. beaker or Krlentneycr flask. To the liquid of about 500-cc. volume is 
added 11 grams of ammonium oxalate crystals. The beaker is permitted to 
remain on a steam bath until reaction is complete. The spongy mass of gold 
is now washed with hot water by decantation until free of salts. 

The gold is dried, melted in a clay crucible which has previously been thinly 
glazed with borax glass and poured out into a mold of charcoal, graphite and clay 
or iron polished with graphite. 

The ingot, which will have a volume of half a cubic centimeter, is cleaned by 
paring with a knife and rolled or hammered into a thin sheet. The rolls or 
hammer should be clean, bright and free of grease. 

The gold, cut into convenient strips, is digested for several hours with hydro- 
chloric acid and finally washed thoroughly with distilled water. 

The dried gold thus prepared may be considered 1000 fine. 



IODINE 

WiLFHKD \V. Scott 

I» aUwt, 126.92; 8p.gr, 4.948^^*; m.p. 113.5° b.p. 184.4° C; acids, HI, 

HIO, HIOs, HIO4. 

DETECTION 

The element may be recognized l)y its i)h3'sical properties. It is a grayish 
black, crj'stalliue solid, with metallic luster, brownish-rod in thin lajxTS. It 
vaporizes at ordinary temperaturcs with tiharactoristic odor. TTpon gently 
heating the element the va])or is evident, appearing a deep blue when umnLxed 
with other gases, and violet when mixed with air. It colors the skin brown. 
Chemically it behaves very similarly to chlorine and bromine. 

Free iodine colors water yellow to black, carbon disulphide violet, ether 
or chloroform a reddish color, cold starch solution blue. 

Tannin interferes with the usual tests for iodine, unless ferric chloride is 
present. 

Iodide. The dry powder, heated with concentrated sulphuric acid, evolves 
violet fumes of iodine. Iodine is liberated from iodides by solutions of As>, 
Sb*, Bi‘, Cu", Fe'", Cr«, H,Fe(CN)., UNO*, Cl, Br, H*0*, ozone. 

Insoluble iodides may be transposed by treatment with II2S, the filtered 
solution being tested for the halogen. 

lodate. The acidulated solution is reduced by cold solution of SOz, or 
K4Fe(CN)i, (acidulated with dilute H2SO4), or by Cu.Ch, HgAsOa, FeSO,, etc. 
An iodate in nitric acid may be detected by diluting the acid with water, adding 
starch solution, then hydrogen sulphide water, drop bj' drop, a blue zone forming 
in presence of the substance. 


ESTIMATION 

The element is found free in some mineral waters; combined as iodides 
and iodates in sea water; in ashes of sea plants; small quantities in a number 
of minerals, especially in Chili saltpeter as sodium iodate, hence in the mother 
liquor from the Chilian niter worLs from which iodine is principally produced. 
Sea-weed ash (drift kelp, Laminaria digitata and L. stenophylla) is an important 
source of iodine. 

Free iodine, potassium iodide, iodoform, are the principal commercial products. 

Preparation and Solution of the Sample 

In dissolving the substance it will be recalled that free iodine is soluble in 
alcohol, ether, chloroform, glyccrole, benzole, carbon disulphide, solutions of 
soluble iodides. One hundred cc. of water at 11° C. is saturated with 0.0182 
gram iodine, at 55° with 0.092 gram. 

* Circular 35 (2d ed.) U. S. Bureau of Standards. 
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Iodides of silver, copper (cuprous), mercury (mercurous), and lead are 
insoluble, also TII, Fdl 2 . Iodides of other metals are soluble; those of bismuth, 
tin, and antimony, re<iuirc a little acid to hold them in solution. 

lodates of silver, barium, lead, mercury, bismuth, tin, iron, chromium 
require more than .'>(K) parts of water at 15° C. to hold them in solution, 
lodates of cop|wr, aluminum, <*obalt, nickel, manganese, zinc, calcium, strontium, 
magnesium, sodium, tuid potassium are more sf)Iuble. One hundred cc. of 
cold water dissolves 0.00385 gram AglOs and 0.(K)0085 gram Agl at ordinary 
temperatures. 

Free Iodine (Commercial Crystals). Iodine is best brought into solution 
in a strong solution of pf)tassium iodide according to the procedure described 
for standardization of sodium thiosulphate under Volumetric Methods. The 
iodine is now best determin<;d volumetrically by titration with standard tliio- 
sulphate or arsenic. 

Iodine or Iodides in Water. The sample of water is evaporated to about 
one-fourth its volume and then made strongly alkaline with sodium carbonate. 
The precipitated calcium and magnesium carbonates are filtered off and washed. 
The filtrate containing the halogens is evaporated until the salts begin to crystallize 
out. The hot concentrated solution is poured into three volumes of absolute 
alcohol and the resulting solution again filtered. The residue is washed four 
or five times with 95% alcohol. All of the bromine and iodine pass into the 
solution, whereas a large part of chlorine as sodium chloride remains insoluble 
and is filtered off. About half a ec. of 50% potassium hydroxide is added and 
a greater part of the alcohol distilled off with a current of air. The residue 
is concentrated to crystallization and again poured into tluree times its volume 
of absolute alcohol and filtered as above directed. This time only one or two 
drops of potassium solution is added and the procedure repeated several 
times. The final filtrate is freed from alcohol by evaporation, the solution 
taken to dryness and gently ignited, then taken up with a little water and filtered. 
Iodine is determined m the filtrate, ]>rcferably by the volumetric procedure III, 
decompcjsition with nitrous acid, described under Volumetric Methods, p. 206. 

Organic Substances. If only an iodide is present, the Carius method is 
followed; in presence of other halogens, the “ lime method ” is preferred. Details 
of these methods are given in the chapter on Chlorine under Preparation and 
Solution of the Samide, p. 121. 

Silver iodide cannot be separated fronx the glass of the combustion-tube 
by solution with ammonium hydroxide as is the chloride or bromide of silver. 
The compound, together with the glass, is collected upon a filter paper, and 
washed with dilute nitric acid, followed by alcohol; then dried at 100° C. 
After removing most of the iodide and the gla.ss, the filter is ignited in a weighed 
porcelain crucible, the main bulk of the material then added, the substance 
fused and weighed as Agl -1-glass. The mass is then covered with dilute sul- 
phiuic acid and <a piece of pure zinc added. After several hours (preferably over 
night) the excess zinc is carefxilly removed and the iodine solution decanted 
from the glass and metallic silver, and the residue washed by decantation. The 
silver is now dissolved in hoi dilute nitric acid, then filtered from the residue of 
glass through a small filter. The glass and filter are ignited and weighed. The 
difference between the two weighings is due to silver iodide. 

Minerals. Phosphates. The substance is dccomp>osed by digestion with 
1 : 1 sulphuric acid in a flask through which a current of air passes to sweep out 
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the iodino vapor into a solution of potassium hydroxide, the sample being 
boiled until all the iodine vapors have been driven into the caustic. lodates 
are converted to iodides by reduction with sulphurous acid. 

With the iodine content below 0.02%, a 50 to 100-gram sample should be 
taken. 

. SEPARATIONS 


Separation of Iodine from the Heavy Metals. The heavy metals are pre- 
cipitated as carbonates by boiling with solutions of alkali carbonates, the soluble 
alkali iodide being formed. 

Iodine is liberated from combination by .nitrous acid. 

Silver iodide may be decomposed by warming with metallic zinc and sul- 
phuric acid. 

Separation of Iodine from Bromine or from Chlorine.^ Details of sepa- 
ration and cstunation of the halides in presence of one another are given in 
the chapter on Chlorine. Advantage is taken of the action of nitrous acid on 
dilute solutions, free iodine being liberated, while bromides and chlorides are 
not acted upon. 

The solution containing the halogens is place in a large, round-bottom flask 
and diluted to about /OO cc. Tlirough a two-holed stopjxT a glass tulxs passes 
to the bottom of the flask; tlirough this tube steam is conducted to assist the 
volatilization of iodine. A second short tulie connected to the absorption appa- 
ratus conducts the evolved vajxir from the flask into a 6% caustic soda solution 
containing an equal volume of hydrogen peroxide (about 50 cc. of each). The 
abso^tion system may be made by connecting two Erlenmeyer flasks in scries, 
the inlet tul^ dipping below the solutions in the flasks. It is advisable to cool 
the receivers with ice. 

TVo to 3 cc. of dilute sulphuric acid (1 : 1) and 25 cc. of 10% sodium nitrite 
solution are added to the liquid containing the halogens, the apparatus is immedi- 
ately connected, and the contents of the large flask heated to boiling, conducting 
steam into it at the same time. The iodine vapor is gradually driven over into 
the cooled receiving flu.sks. 

When the solution in the large flask has become colorless it is boiled for half 
an hour longer. The steam is now Shut off, the flask disconnected from the receiv- 
ing flasks and the heat turned off. The contents of the receiving flasks are com- 
bined with the washing from the connecting tubes and the .solution heated to 
boiling to expel, completely, hydrogen peroxide. The coohnl liquid is acidified 
with a little sulphuric acid and the solution decolorized with a few drops of .sul- 
phurous acid. Iodine is now precepitatod as silver iodide by adding an excess 
of silver nitrate and a little nitric acid and boiling the mixture to coagulate the 
precipitate. Agl is determined as directed on page 20.3. 

Chlorine and bromine remain in the large flask in combined form and may be 
determined in this solution if desired. 


XoTKS. 'Reactions: 2KT-l-2KN02-f-4HsS04=I*-f 2NO-f 4 KHS 04 -|- 2 H ,0 

2NaOU -f-I* = Nal-HNalO-f-UjO and NaIO-f-U»Os = H»0-i-0»-l-NaI. 

Consult Separations in the chapter on Chlorine, p. 123. 


* Referencen: Method of Jannasch, Zeit. ftir 
well and Hall, “ Analytical Chemistry.” F. A. 


anorg. Chem., 1, p. lU (1892). Tread- 
tiooch Methods in Chemical Analysis.” 
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Separation of Iodine from Chlorine and Bromine by Precipitation as 
Palladous Iodide. The solution coniainitif; tiie halo{;cus is acidified with iiydro- 
chloric acid, and palladous chloride solution added to the complete precipitation 
of the iodide. The compound is allowed to settle in a wann place for twenty- 
four hours or more and then filtered and wjushod free of the other halogens. 
It may now bo dried and weighetl as palladous iodide, Pdl 2 , or ignited in a 
current of hydrogen, then weighed as iticdallic palladium and the equivalent 
iodine calculated. See Gravimetric methods. 


GRAVIMETRIC METHODS 
Precipitation as Silver Iodide 

The procedure is practically the same as that described for determining 
chlorine. 

Silver nitrate solution is added to the iodide solution, slightly acidified with 
nitric acid. The precipitate is filtered into a weighed Gooch crucible, then 
washed, dried, gently ignited, and weighed as silver iodide. 

AglX0.54()6=I or Xi).7071 =KI. 

Note. If filter paper is used in ]>Iace of a Gooch crucible, the precipitate is 
removed and the filter ignited separately. A few drops of nitric and hydrochloric 
acid are added, the acids cxiwllcd by heat and the residue weighed as AgC'l. This, 
multiplied by 1.61^ =AgI. The result is added to the weight of the silver iodide, 
which is ignited and weighed separately. 

Determination of Iodine as Palladous Iodide 

This method is applicable for the direct determination of iodine in iodides 
in presence of other halogens. 

The method of isolation of iodine as the palladous salt has been given under 
Separations. The salt dried at 100" C. is weighed as Pdl*. 

PdlsX 0.704 =1. 

Pdl* ignited in a current of hydrogen is changed to metallic palladium. 

PdX2.379=I. 

VOLUMETRIC METHODS 
Determination of Hydriodic Acid — Soluble Iodides 

Free hydriodic acid cannot bo dotennined by the usual alkalimetric methods 
for acids. The procedures for its estimation, free or combined as a soluble 
salt, depends upon the liberation of iodine and its titration with standard soclium 
thiosulphate, in neutral or slightly acid solution ; or by means of standard arsen- 
ious acid, in presence of an excess of sodium bicarbonate in a neutral solution. 
The following equations represent the reactions that take place: 

I. Thiosulphate. 2NaS»Oa+I» = 2 NaI+Na*S 40 ». 
n. Arsenite. Na3As08+I*+H*0=NajA804+2III. 
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The free acid formed in the second reaction is neutralized and the reversible 
reaction thus prevented: 

m 4- Xal I(X), = Xal +H,.()+C02. 

The presence of a free alkali is not pcrniissibic, as Ihe hydmxyl ion would 
react with iodine to form iodide, liyjxiiodite and finally iodate, lionco sodium 
or potassium carbonates cannot bo usjsd. Alkali bicarbonates, however, do not 
react with iodine. 

Standard Solutions. Tenth Normal Sodium Thiosulphate, hrom the 
reaction above it is evident tliat 1 j^ram molecule of thiosulphale is efiuivalent 
to 1 atom iodine =1 atom hydrofoil, hence a tenth normal solution is e(|uai to one- 
tenth the molecular weight of tlie salt ]X‘r liter, e.g., 24.S22 gran»s NaaSsUs-oll^O; 
generally a slight excess is taktm — 2.~) granus of the crystalliz(Hl salt. It is 
advisable to iruike up .*> to 10 litera of tlie solution, taking 12o to 2.~i() grams 
sodium thiosulphate crj'stals and making up to volume with distilled water, 
boiled free of carbon dioxide. The solution is allowed to stand a week to 
ten days, and then stantlardizcd against pure, rcsublimed iodine. 

About 0.5 gram of the purified iodine is placed in a weighing bottle con- 
taining a kiu)wn amount of saturated potassium iodide solution (2 to 3 grams 
of KI free from KlO.t dissolved in about J cc. of H-O), the increased weight 
of the bottle, duo to the iodine, being in)ted. 4’he bottle and iodine am placed 
in a beaker containing about 2(H) cc. of 1% potassium iodide solution (1 gram 
KI per 200 cc.), the stopjxjr mmoved with a gla.ss fork and the iodine titrated 
with the thiosulphate to Ijo standardized. 

Calculation. The weight of the iodine taken, divided by the cc. thio- 
sulphate reciuinxl, gives the value of I cc. of the reagtad.; (his n*sult divided 
by 0.012692 gives the normality factor. 

Notk. The thiosulphate solutio?! iruiy bo stanflardiz<!d against iodiru*, which 
has been liberated from potassium iodide in pr<‘s«m<!e of hydrochloric acid by a known 
amount of standard potassium bi-iodate, a salt which may be obtained e.xceedingly 
inire. 

K10a-Hl()3+1()KI-1-IIHC1 = 11KC1+Cir2()+()T2. 

A tenth normal solution contains 3.2400 gnuns of the jjure salt per liter. (One 
cc. of this will liberate 0.012092 gr.ain of icxline from i)otassiinu iodide.) 'I'he purity 
of the salt should be cstablishe<l by standardizing against thiosulphate, whi(!h luis been 
freshly tcsttal agsiinst pure resublimei] i<xlinc. 

About 5 grams of pota.ssium iodide (free from iodate) are dLssolved in the least 
amount of water that is neceasary to elTecd solution, and 10 cc. of dilute hy<lro(!hloric 
acid (1 : 2) arc added, and then 50 c<!. of the standard bi-io(bite solution. 'Phe solu- 
tion is diluted to about 2.'M) cc. and the liberated iodine titrated with the thiosulphati! 
reagent; 50 cc. will be required if the reagents are exactly tenth nonual. 

Tenth Normal Arsenite. From the second reaction above it is evident that 
AssOt is equivalent to 2 I 2 , e.g., to 4H, hence i the gram molecular weight of 
arsenious oxide per liter will give a normal solution: 1984-4 =49.5. 

4.96 grams of pure arsenious oxide is dissolved in a little 20% sodium 
hydroxide solution, the excess of the alkali is neutralized with dilute sulphuric 
acid, using phenolphthalein indicator, the solution being just decolorized. Five 
hundred cc. of distilled water containing about 25 grams of sodium bicarbonate 
are added. If a pink color develoi», this is destroyed with a few drops of 
weak sulphuric acid. The solution is now made to volume, 1(X)0 cc. The 
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reagent is standardized against a measured amount of pure iodine. The oxide 
may be dissolved directly in sodium bicarbonate solution. 

Note. Coniincrcial arsenious oxide is i)urificd by dissolving in hot hydrochloric 
acid, filtering the hot satnratt*<l solution, cooling, decanting off the mother liquor, 
washing the dejjosited oxide with water, drying and finally subliming. 

Starch Solution. Five grams of soluble starch are dissolved in cold water, 
the solution poured into 2 liters of hot W'ator and boiled for a few minutes. 
The r(;agent is k(‘pt in a glass-stoppered bottle. 

Iodides are decf)mpos(;d ami iodine determined by one of the following 
procedures: 


I. Decomposition of the Iodide by Ferric Salts 

'riic metluMl tak(!s advan(ag«t of the following reaction: 

Fe.(S( ),).,-l- 2 Ivr -K.SO 4 -I- b+ 2 Fe.SO«. 

'Fho procedure enables a scjiaration from l)romides, as these are not acted 
upon by ferric salts. 

Procedure. To tlui ioduh; in a distillation flask is added an excess of ferric 
ammonium alum, the solution acidified w'ith sulphuric acid, then heated to 
l)oiling, and the iodine distilhal into a solution of potassium iodide. The free 
iodine in th(j tlistillate is iilrabal with standartl thiosulphate, or by arsenious 
acid in presence of an excess of sotlium bicarbonate. 

The reagent is added from a bumtte until tlie titrated solution becomes a 
pale yellow color. About cc. of starch solution are now ad<lcd and the titra- 
tion continued \mtil the blue color of the starch fades and the solution l)ecames 
colorless. 

One cc. t)f tenth nonual reagent =0.012(192 gram iodine, equivalent to 
0.012793 gram Til, or (). 01 ( 1()02 gram KI. 


II. Decomposition with Potassium lodate^ 

The reaction with iiotassium iodate is as follows: 

.'IKI -fKIOa+filK 'I = K('1-1-3H,0 -1-312. 

It is evident that «• of the titration for iodine wo\ild be c<iual to the iodine 
of the iodide, hence 1 cc. of tenth normal thiosulphate is equivalent to 0.012692 
Xf = 0.0i05H gram iodine duo to the iodide. The procedure is as follows: 

Procedure. A known amount of tenth normal potassium iodate is added 
to the iodide solution, in sufficient amount to liberate all of the iodine, com- 
bined as iodide, and several cc. in excess. Hydrochloric acid and a piece of calcite 
arc added. The mixture is boiled until all of the liberated iodine has been 
expelled. To the cooled solution 2 or 3 grams of potassium iodide are added 
and the liberated iodine, corresponding to the excess of iodate in the solution, 
is titrated with standard thiosulphate. If 1 cc. of thiosulphate is equal to 1 
cc. of the iodate, then the total cc. of the iodate used, minus the cc. thio- 

^H. Dietz and B. M. Margosches, Chem. Ztg., 2, 1191, 1904. UVeadweQ 
and Hall, “Analytical Chemistry,” vol. 2. 
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sulphato required in the titration gives a difference due to the volume of iodat( 
required to react with the iodide of the sample. 

One cc. of X/IO KIOj =0.01058 gram I in KI. 

Notb. Tenth nonnal potassium iodatc contains 3.5G75 grams KlOj per 1000 cc. 

III. Decomposition of the Iodide with Nitrous Acid (Fresenius)^ 

Nitrous acid reacts with an iodide as follows: 

21IN(),+2UI =2N0+2JI*0+I*. 

Since neither hydrochloric nor hydrobromic acids are attacked by nitrous 
acid, the method is apidicable to dclermining iodine in presence of chlorine and 
bromine; hence is useful for determining small amounts of iodine in 
mim'rul waters containing comparatively large amounts of the other 
halogens. 

Nitrous Acid. I’hc reagent is prepared by passing the gas 
into strong sulphuric acid until saturated. 

Procedure. I’he neutral or slightly alkaline solution of the 
iodide is placed in a glass-stop[)ered separatory funnel, Fig. 39, 
and slightly acidified with dilute sulphuric acid. A little freshly 
distilled colorless carbon disulphide (or chloroform) is added, then 
10 drops of nitrous acid reagent. The mixture is well shaken, the 
disulphide allowed to settle, drawn off from the supernatant solu- 
tion and saved for analysis. The liejuor in the funnel is again 
cxtract(*d with a fresh jxjrtion of disulphide and if it becomes dis- 
colored it is drawn off and added to the first extract. If the 
extracted aciucous solution aj)pears yellow, it must be again treated 
with additional carbon disulphide until all the iodine has been 
removed (e.g., until additional CK. is no longer colored when shaken 
with the .solution). The combined extracts are washed with three 
or four j)ortions of water, then transferred to the filter and again 
wjished until free from acid. A hole is made in the filter and the disulphide 
allowed to run into a small beaker and the filter wa.shed down with about 5 cc. 
of water. Three cc. of 5% .sodium bicarbonate are added and the iodine titrated 
with N/2() or N/50 standard thiosulphate, the reagent being added until the 
reddi.sh-violet carbon disulphide becomes colorless. 

The sodium thiosulphate used is standardized against a known amount of 
pure potassium iodide treated in the manner de.scribcd above. 

One cc. N/20 NajSjOj= .(X)635 gram 1, 1 cc. N/60 Na]S20a=. 002538 gram I. 



Fio. 39. 
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IV. Liberation of Iodine by Means of Hydrogen Peroxide and 

Phosphoric Acid ^ 

Principle. Iodine is liberated from an ir)dido by addition of hydrogen per- 
oxide to the solution acidified with ]>hosphorie acid, the iodine distilled into 
potassium iodide and titrated with thiosulphate. 

Procedure. Fifty cc. of the iodide solution arc mixed with 5 cc. of pure 
phqj^)horic acid and 10 to 20 cc. hydrogen ]X!roxido added, the mixture Iwjing 
placed in a round-bottomed flask, connected w’ith a short condenser, delivering 
into two absorption vessels containing a 10% solution of potassium iodide. 
A current of air is drawn through the apparatus, and tlie contents of the flask 
gradually heated to boiling. The iodine is absorbed in the i>otassium iodide 
solution and titrated as usual ivith standard sodium thiosuli)hate. Twenty 
minutes’ heating is generally suffi(;ient. 

One cc. NaaSaOa =0.012092 gram 1, or 0.010002 gram KI. 

Noth. Iodine in urine may be determined by oyaixmit ing to 1/10 its volume. 
After lidding an e.xcesa of s<Mlium hydro.xide, the mixture is t.-iken to dryness and 
gently ignited. The ash may be used for the iiulinu determination. 

V. Oxidation of Combined Iodine with Chlorine. (Mohr’s 

Modification of Dupre’s Method)- 

When a solution of iiotassium iodide is treated with successive amounts 
of chlorine water, iodine is liberated, which reacts with an exce.ss of chlorine 
with formation of chloride of iodine (I(U) and with greater excess the punta- 
chloride (ICU) which is changeal in presence of water to iodic acid (HlOs). 

Procedure. The weighed ioilide compound is brought into a stoppered 
flask, and chlorine wuitor delivered frimi a large Inirettc until all yellow color has 
disappeared. A drop of the mixture brought in contact with a drop of starch 
solution should produce no blue color. Sodium bicarbonate is now added until 
the mixture is slightly alkaline, followed by an excess of potassium iodide and 
4 to 5 cc. of starch reagent. Standard thiosulphate is now addinl until the 
blue color is removed. The exees.s of chlorine w^atcr is thus ascertained. J<'rom 
the value of the chlorine reagent tlie iodine of the sample may readily be 
calculated. 

The chlorine water is standardized by ninning 25 to 50 cc. of the reagent 
into potassium iodide solution (see procedure for bromides, p. 81), and 
titrating the liberated iodine with standard sodium thiosulphate. The value 
of the reagent in terms of thiosulphate are thus ascertained and from this the 
value per cc. in terms of iodine. 

OTHER METHODS 

Volhard’s Method for Determining Iodides 

This procedure is very similar to those for determining chlorine or bromine, 
with the exception that silver iodide formed will occlude both the iodide solu- 

^E. Winterstcin and E. Herzfeld, Zeit. Physiol. Chem., 6S, 49-51, 1909. Chem. 
Zcntralbl., (1), 473-474, 1910. 

* Sutton, "Volumetric Analysis,” 10th Ed. 
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tion and silver nitrate unless the additions oi the silver sjilt arc made in small 
portions with vigorous shaking. 

Standard silver nitrate is added t«) the solution in a glass-stopi)erod flask, 
shaking vigorously with cacdi addition. As long as the solution appears milky 
the precipitation is incomplete. When the silver iodi<le is eoagulatetl and the 
supernatant liciuid apijcars colorless, fljrric alvim solution is added, and the 
excess of silver nitrate titrated with jn)tassiiuu sulpliocyanatc until the char- 
acteristic reddish end-point is obtained. 

The iodine is calculated from the amount of silver nitrate reciuired. lO.g., 
total AgNOs added, minus excess determined Ijy KC’NS =cc. AgNOa recpiircd 
by the iodine. 

Notk. The ferric salt oxidizes hy<lriodic acitl with .sej>aralion c)f ituline, whercjis 
the silver iodide i.s not netted ui><»n, hence the indicator is addis] after all the iodide 
has combined with silver. 

VI. Determination of lodates 

The procedure is the reciprocal of the one for determination of iodide by 
means of an iodatc : 

Reaction. KIOa-f-rdvI-j-tiHCl =6KC’H-3Il..()+3r2. 

Procedure. The solution containing the iodate is allowed to run into an 
excess of p<>tas.sium iodide solution containing hytlrocdiloric acid. The liber- 
ated iodine is titrate<l with .sodium tluo.sulplial<5 as usual. 

One cc. N/10 Na-AOa =0.002932 gram lllOa, or 0.0:)3ot)7 gram KIOj. 

VII. Determination of Periodates 

The procedure is the same as that described for iodates, tlie reaction in this 
case, however, being as follows: 

KIO4+7KI-I-SHCI = 8 X 01 + 411 . 0 - 1 - 412 . 

From the equation it is evident that 1 gram mohiculc of the iodate is ecpiiv- 
olcnt to S atoms of iodine =S atoms of hydrog<;n, iMJiicfo | the molecular weight 
I)er liter of solution would ecjual a normal .solution. Tlwjnifore, 1 cc. of a tenth 
normal solution would contain 0.019193-i-S =().()()2399 gram lIRh. 

One cc. N/JO Na2S208 =0.002399 gram HIOi, or =0.002S49 gram II.IO 4 - 21120 , 
or =0.002875 gram KIO4. 

VIII. Determination of lodates and Periodates in a Mixture 

of the Two 

The proceclure depends upon the fact that an iodatc docs not react with 
potassium iodide in neutral or slightly alkaline solutions, whereas a ])criodate 
undergoes the following reactions: 

KIO 4 + 2 KI+H 2 O = 2 KOII+KK)*+l 2 . 

Procedure. The sample, dissolvcil in water, is divided into two equal 
portions. 

A. To one portion a drop of phcnolphthaloin indicator is added and the 
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solution made just faintly alkaline by addition of alkali to acid solutions or 
hydrochloric acid to alkaline solution, as the case may require. Ten cc. of 
cold saturated solution of sodium bicarbonate are added and an excess of potas- 
sium iodide. The liberated iodine is titrated with tenth normal arsenious acid.* 
(NasSsO* will nut do in this case, as the solution is alkaline.) 

One cc. N/10 As,0, =0.0115 gram KIO4. 

li. To the other portion potassium iodide is added in excess and the solu- 
tion made distinctly acid. 'Phe liberated iodine is titrated with standard sodium 
thiosulphate. (As^Oj will not do.) 

Calculation. In the acid solution, 7i, botli iodates and periodates arc 
titrate<l, whereas in the alkaline solution, A, only the periodates are alfocfed. 
From the reactions in VII and VIII it is evident that 1 cc. Na2S20i =4 cc. AS 2 O 2 
for tlie periodate titration, hence 

Cc. Na 2 S 20 i— cc. As20jX4=cc. thiosulphate due to KIO 2 . 

The difference, multiplied by 0.003567 =grains KIO 2 in the sample. 

*ln alkaline solutions the arsenious acid titration must be made, whereas in acid 
solutions potassium thiosulphate is used. 
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Fe, at.wt. 55.84; ap.gr. 7.85-7.88; m.p. pure wrought IfiOO®,* white 

pig gray pig 1375°,' steel !:»75°; ' b.p. 34j>0° ‘ C.; oxides FeO, 

FCiOg, FCjOi. 

DETECTION 


Ferric Iron. The j'cllow to red eolor in rocks, iniin'i'jils, and soils is gc'n- 
erally duo to the presence of iron. 

Hydrochloric acid solutions of iron as ferric chloridi' ani colonnl yolhw. 

Potassium or ammonium sulphocyanate ])roduces a r<'d color with solid ions 
oontainiii!; ferric iron. Nitric acid and chloric acid also ])roduce a ri'd color with 
potassium or ammonium sulphocvanaU’. This color, however, is desf roved by 
lieat, whi(‘h is not the case with the iron compound. The ri'd color of ferric 
iron with the cyanate is destroyed by mercuric chloride and by ])hosphat(*s, 
borates, eertain orKanic acids, and their salts, e.g., acetic, oxalic, tartaric, citric, 
racemic, malic, succinic, etc. 

Potassium ferrocyanide, K4Fe(CN)«, produces a deep blue color with ferric 
salts. 


Salicylic acid added to the solution of a ferric salt containing no free mineral 
acid gives a violet color. Useful for deti'cting iron in alum and similar products. 

Ferrous Iron. Potassium Ferricyanide, K.,FefCN)c, givi's a blue color 
with solutions of ferrous salts. 

Distinction between Ferrous and Ferric Salts. 

KCNS gives red color with Ue'" and no color with Fe". 

K,Fe(CN)« gives a blue color with Fe" .and a brown or gn'en with l‘'e"'. 

NH4OH, NaOH or KOH pn'cipit.ati's red, FidOll).! with Fe"' and white, 
Fc(OH)2 with Fe" turning green in jirc'cnce of air due to oxidation.’ 

Sodium peroxide jmsluci's a reddish-brown ))recipitale of Fe(OTI)n with 
cither ferrous or ferric .salt solutions, the former being oxidizial to the higher 
valence by the jieroxide. (’hromium and aluminum remain in solution, if jiresent 
in the sample. 


ESTIMATION 


Iron is so widely diffused in nature that its detenuination is necessary in 
practically all complete analyses of onis, rocks, minerals, etc. It is especially 
important in the evaluation of iron ores for the manufacture of inm and steel. 
Among the ores of iron the following are more common : 

Oxides. Ked hematite, Fc'^Oj; brown hematite, 2F(!2()a-:5Tl2(); black mag- 
netite or magnetic iron ore, l'’e.,()4. I'Vrric oxide with varxdng amounts of water 

'Circulars.') (2d Kd.) U. S. Mureaii of Standards. 

* I). Van No.strand’H (Siernical .Annual. -Olsen. 

* The green siilt i.s a hydrate of Featb. The white ])reeipitale ean bo obtained in 
absence of air or by using II2.SO3 to lake up oxygen in solution. 
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forms the substances known as hematite, gothite, limonite, yellow ochre, bog 
iron ore. 

Sulphide. Iron pyrites or “fool’s gold,” FeSa; })yrrhotito, FeS. 

Carbonates. Spa tic iron ore, FeCOa; combined with clay in clay ironstone 
with bituminous material as “black band.” 

Iron is determined in the cinders and in iron ore briquettes from burned iron 
pyrites, by-products of sulphuric acid. 

It is found as an impurity- in a large number of commercial salts and in the 
mineral acids. 

Preparation and Solution of the Sample 


The material should be carefully sjuni)l(itl and quartered down according 
to the general procedure for sampling. Ores should l )0 ground to pass an SO- 
mesh sit!ve. In analysis of metals, both the coarse and fine drillings are taken. 

The following facts regarding solubility should be remembered: The clement 
is soluble in hydrochloric acid and in dilute sulphuric acid, forming ferrous 
salts with liberation of hydrogen. It is insoluble in concentrated, cold suljihuric 
acid, but is attacked by the hot acul, forming haric sulphate with lihenition of 
SO 2 . AIod<*rately dilute, hot nitric acid forms ferric nitrate and nitrous oxide; 
the cold acid gives ferrous nitrate ami ammonium nitrate or nitrous oxide or 
hydrogen, ('old, concentrated nitric acid forms “passive iron,” which remains 
insoluble in the a«ad. The o.ridc.'t of iron are readily soluble! in hydn)chlorie acid, 
if not too strongly ignited, but upon strong ignition the higher oxides dissolve 
with extreme (litfieulty. They an? readily soluble, however, by fusion with 
acid potassium sulphate followed by an acid extraction. Silicatea are best 
ilissolved by hot hydrochloric acid containing a few drops of hydrofluoric acid 
or by fusion with sodium and ])otassium carbonates, followed by hot hj'dro- 


chloric acid. 

Soluble Iron Salts. Water solutions are acidified with IICl or 1128(^4, so 
as to contain about 3% of free acid. 

Ores. 'Phe samples should be pulverized to pass an SO- to l(X)-mesh sieve. 

Sulphides, Ores Containing Organic Matter. One- to 6-gram samples 
should bf! roasted in a porcelain crucible over a Itun.sen flame for about half 
an hour, until oxidized. The oxide is now dissolved as directed in the following 
procedure. 

Oxides, Including Red and Brown Hematites, Magnetic Iron Ore, Spatose 
Iron Ore, Roasted Pyrites, and Iron Ore Briquettes. One to 6 grams 
of the ore, i)laccd in a 4()()-cc. beak(!r, is dissolved by adding twenty times 
its weight of strong hydrochloric aci<l with a few drops of 5% stannous chloride 
solution. Addition of 4 or 5 drops of HF is advantageous if small amounts 
of silica are present. The solution is covered with a watch-glass and heated to 
SO or 90° C. until solution is comidete. Addition of more stannous chloride 
may be neees.saiy, as this gniatly assists solution. An excess sufficient to com- 
pletely decolorize the solution ncec.ssitatcs reoxidation with hydrogen peroxide, 
hence shoidtl be avfjided. If a colored rasiduc remains, it should be filtered 
off, ignited and fused with a mixtun) of Na^fTlj and K 2 CO,, in a platinum cru- 
cible. The fusion dissolvotl in dilute HCU is added to the main filtrate. 


Nerns. The ore placed in a porcc'hain Ijoat in a red-hot combustion tube may be 
n*duccd with hydrogen (taking precaution first to sweep out oxygen with C(^) and 
after cooling in an atmosphere of hydrogen the mduceil iron may be dissolved in acid 
and titrated. 
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Iron Silicates. One to 5 grams of the material, placed in a deep plati- 
num crucible, is treated with ten times its weight of HF and 3 to 4 drops 
of cone. H1SO4. The mixture is evaporated to near dryness on tie steam bath 
and taken up with dilute sulphuric acid or hydrochloric acid. The latter acid 
is the best solvent for iron. 

Fusion with Potassium Bisulphate. The sample is mixed with ten times 
its weight of the powdered bisulphate and 2-3 cc. of concentrated sulphuric acid 
added. A porcelain or silica dish will do for this fusion. The fusion should 
be made over a moderate flame and cooled as soon as the molten liquid becomes 
clear. Complete expulsion of SOj should be avoided. It may be necessary 
to cool and add more cone, sulphuric acid to effect solution. Iron and alumina 
completely dissolve, but silica remains undissolved. The melt is best cooled by 
pouring it on a large platinum lid. 

Fusion with Carbonates of Sodium and Potassium. The residues insoluble 
in hydrochloric acid are fused with 6 parts by weight of the fusion mixture 
(NajCOj+KjCOj) in a idatimim crucililo. The M4ker blast will be necessary. 
When the effervescence has ceased and the melt has become clear, the crucible 
is removed from the flame, a platinum wire inserted and the melt cooled. Upon 
gently reheating, the fuse may bo readily removed by the wire in a convenient 
fom for solution in dilute hydrochloric acid. 

The bisulphate fusion is recommended f<»r fusion of residues high in iron 
and alumina. It is an excellent solvent for ignited oxides of these ehmients. 
The carbonate fusions are adapted to residues containing an appreciable amount 
of silica. 

Iron and steel are be.st dissolved in hydrochloric acid with a few drops of 
nitric acid. The iron hydroxide should be precipitjited or the solution taken to 
dryness to e.xpel the nitric acid followed by resolution in dilute hydrochloric 
acid or sulphuric acid. 

The finer the material the more rapid ih edution is a fact that should he remem- 
bered in all cases. 
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GRAVIMETRIC METHODS FOR THE DETERMINATION 

OF IRON 

The gravimetric determination of iron may be made from solutions practi- 
cally free from other metals. A number of elements such as phosphorus, 
arsenic, molybdenum, tungsten, vanadium, and the like, form fairly stable 
compounds with iron in neutral or slightly alkaline solutions, whereas others, 
such as lead, copper, nickel, cobalt, sodium, and potassium may be occluded 
in the ferric hydrate precipitate and arc removed only with considerable diffi- 
culty. Aluminum, chromium, and several of the rare earths are precipitated 
with iron, if present. These facts taken into consideration, the volumetric 
methods arc generally preferred as being more rapid and trustworthy. 

Determination of Iron as Fe203 

Iron is precipitated as tiie hydroxide and ignited to the oxide, Fe20s, in 
which form it is weighed. 

Reactions. reCl,+ 3 NIl 40 H =Fe(OII)a+3NH«Cl. 

2Fe(OII)a+hcat = FejOa+SHaO. 

Procedure. One-gram sample or a larger amount of nuxterial if the iron 
content is low, is brought into solution with hydrochloric acid, aqua regia, or by 
fusion with potassium carbonate or potassium acid sulphate, as the case may 
rc(iuire. Silica is filtered off and the acid solution treated with HgS if members 
of that group arc present. The filtrate is boiled to exijol HgS and the iron 
oxidized to ferric condition by boiling with .5 cc. concentrated nitric acid. 

Absence of Altuninum and Chromium. About 1 gram of ammonium 
chloride salt or its eiiuivalcnt in solution is added, the volume made to about 
200 cc. and ammonium hydroxide abided in slight excess to precijjitate Fc(OH)*. 
The solution is boiled for about five minutes, then filtered through an ashless 
filter. (S. & S. 5S9 is good for this ])urpo.se.) 

If Aluminum and Chromium are Present. Tn place of ammonium hydroxide 
powdered sodium peroxide is added in small portions until the precipitate first 
formed clears, the solution being cold and nearly neutral. It is diluted to about 
300 cc. and boiled ten to fifteen minutes to precipitate the iron. Aluminum and 
chromium are in solution. (Mn will precipitate with Fe, if present.) The 
precipitate is filtered onto a ra]nd filter and washed with hot water. 

Second Precipitation. In either case dissolve the precipitate with the 
least amount of hot dilute hydrothloric acid and wash the paper free of iron. 
Add a few cc. of 10% ammonium chloride solution and reprecipitate the hydroxide 
of iron by adding an excess of ammonium hy<lroxide, the vohime of the solu- 
tion being about 200 cc. Washing the precipitate by decantation is advisable. 
Three such washings, KMbcc. portions, followed by two or three on the filter 
paper, will remove all impurities. 

Ignition. The precipitate is ignited wet over a low flame, gradually in- 
creasing the heat. Blasting is not recommended, as the magnetic oxide of 
iron, Fe» 04 , will form with high heating. The oxide heated gently appears a 
reddish-brown. Higher heat gives the black oxide, Fes04. Twenty minutes’ 
ignition, at red heat, is suflicient. 
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The prucihlft, cooled in n dosiccat«)r, is wciglicil and FejOj obtained. 

Factors. Fe20aXO.G{M)4 =Fe. 

FejO3X0.8m)S=FeO. 

Precipitation of Iron with “ Cupferron,” Amino nitrosophenyl- 

hydroxylamine ^ 

By this procedure iron may be jm'cipilated directly in aci<l solution in 
presence of a number of elements. Mercury, lead, bistuulh, tin, and silver 
may be partially pn^cipitated. ('ojiper precipitates A\ith iron, but ma.v be 
ea.sily removtul by di.ss{)lvin{!: it out with ammonia. The metluxl is esjM'cially 
adapted for separation of iron from aluminum, nickel, cobalt, cliromium, cadmium, 
and zinc. 

Procedure. The .solution contiiinin;; the iron is made up to 100 cc. and 20 
cc. of concentrated hydrochhirie acid added. To tliis cool .solution (room 
tem|X!rature) Haudisch’s rea};e.nt, cupferron, is slowly added with ermstant 
stirring, until no furtlu'i- ju-ecipilation of ir<»n takes ])lac<‘, and crystals of tin; 
reagent appear. ’J’lie iron i)recipitate is a reddish-brown, ('opper gives a 
grayish-W'hite flocculent compound. An excess of the reagent (‘([u.al to one-fifth 
of the volume of the solution is now added, tlie preeijutate allowed to settle 
for about fifteen minutes, tluui jKnired into a filter jxiper and washed, first with 
2X. HCl, followed by water, then with ammonia an<l finally with water, Tla? 
drained precipitate is slowly ignited in a i)orcelain or idatinum crucible and the 
residue weiglunl as F<' 2 ( 

FeaOaXO.GDOl =Fe. 


Notes. Baudisch’s reagent, amine nitrosophcnyl-hydroxylamine (cupferron), is 
made by dissolving 6 grams of th ^ sjilt in water and diluting to 100 cc. The reagent 
keeps for a week if protected from the light. It decomposes in the light, forming 
nitrobenzine. ^ Turbid solutions should Ije hltered. 

The precipitates of copper or iron are but slowly attacked by twice normal hydro- 
chloric acid in the cold, but decomposed by hut acid, hence the solution and reagent 
should be cold. 

Cold, dilute potassium carljonatc solution, or ammonium hydroxide, have no action 
on the iron precipitate; the copier compound dissolves readily in ammonia. Alkaline 
hydroxide caui^s rapid decomposition. 

The precipitation is best made in comparatively strong acid solutions (IICl, II2SO4, 
or acetic add). 


VOLUMETRIC DETERMINATION OF IRON IN ORES AND 
METALLURGICAL PRODUCTS 

General Considerations. Two general procedures are coimnonly employed 
in the determination of iron. 

A. Oxidation of ferrous to ferric condition by standard o.xidizing agents. 

B. Reduction of ferric iron to ferrous condition. 

The sample is dis.solved as directed under I ’reparation and Solution of the 
Sample. 

^O. Baudisch, Chem. Ztg., 33,1298, 190.5. Ibid., 35, 91.3, 1911. O, Baudi.sch 
and V. L. King, Jour. Ind. Eng. C3icm., 3, 627, 1911. 
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Determination of Iron by Oxidation Methods 

Home inodification of either the dichromate or penuanganate methods is 
commonly employed in the determination of iron hy oxidation. To accomplish 
this (luantitiitivcly, the iron must l)0 reduced to its ferrous condition. This 
may be accomi»lislied in the hdlowing ways: 

1. Reduction by Hydrogen Sulphide. During the course of a complete anal- 
ysis of an ore, I l«S is pa.ssed into the acid solution to precipitate the members of that 
grouj) (Ilg, PI), lii, ( 'u, ( 'd, As, Hb, Hn, Pt, Au, He, etc.). The filtrate contains iron 
in the reduced condition suital)le for titration with either dichronuite or jier- 
manganate, the excess of 11-H having been boiled off. If the expulsion of H2H 
is conductetl in an I0rl(jum<*yer flask there is little chance for reoxidation of the 
iron during the boiling, lleduction by II2S is very effective and is frequently 
advisable. 'I'liis is <he cast! when titanium is pi-cscut, since this is not reduced 
by II2H, but by methods given below. Aivenic, antimony, copper, and platinum, 
which, if i>rcsent wotild interfere, are removetl by this treatment. 

Reaction. 2KeCb+ 1 12S =2Fe(^l2+2II( n-|-S. 

2. Reduction with Stannous Chloride. Hnf'h solution acts readily in 
a h3’^dro(!hlf)ric acid sohition of the ore; the reduction of the iron is easily noted 
by the disappearance of the yellow color. I'lie excess of the reagent is oxidizetl 
tt) HnC'U by atldition of Hg(n2. 

Reactions. 1. 2Fe('l3+HnCl2 •=2Fe(’l3-|-HnCl4. 

2. lOxcess Hn('l2+2irg(l2— Hn(U4-|-2ng(U precipitated. 

An excess of Hiiflj is advisjvble, but a large excess is to be avoided, as a 
secondary reaction would take place, as follows: 2HnCl2+2HgCl2 =2SnCl4-i-2Hg. 
This reaction is indi(!atcd by the darkening of the solution upon the addition of 
HgOh. Precipitation of metallic mercury would vitiate results. The solution 
should be cooled before addition of mercuric chloride. About 15-20 cc. of sat- 
urated mercuric chloride, HgCli, solution should bo sufficient. 

3. Reduction by a Metal such as Test Lead, Zinc, Magnesium, Cadmium, 
or Aluminum, in Presence of Either Hydrochloric Acid or Sulphuric Acid. 
The former acid is preferred with the dichn)mate titration, and the latter with 
the permanganate. Two methods of metallic reduction are in common use — 
reduction by means of test lead, and reduction with amalgamated zinc by means 
of the Jones reductor. 

(a) Reduction with Test Lead. Py this method copper is precipitated 
from solution and small amounts of arsenic and antimony expelled. Sufficient 
test lead is added to the acid ferric solution to completely cover the bottom of 
the beaker. I'lie solution is covered and boiled vigorously until the yellow color 
has completely disappeared, and the solution is colorless. The reduced iron 
solution, cooled, is decanted into a (5(K)-cc. beaker, the remaining iron washed 
out from the lead mat by several decantations with water; two or three 60-cc. 
portions of water should be sufficient; the washings are added to the first portion. 
If the solution becomes slightly colored, a few drops of stannous chloride, SnCU, 
solution arc added, followed by 10 cc. mercuric chloride, HgCU, solution. The 
sample is now ready for titration. 
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(6) Reduction with Zinc, Using the Jones Reductor. Tho atrid solution of 
iron, preferably sulphuric acid, is passed through a column of amalgamated zinc.* 
The hydrogen evolved in presence of the zinc retluces the ferric iron to ferrous 
condition. The procedure Ls described in detail under the Permanganate Method 
for Determination of Iron, page 218. Titanium if present will also bo reduced. 

4. Reduction with Sulphurous Acid, Sodium Sulphite or Metabisulphite. 
SOa gas is passed into a neutral solution of iron, since iron is not reduced 
readily in an acid solution by this method. Tho excess SOa is expelled by acidi- 
fying the solution and boiling. 

6. Reduction with potassium iodide, the liberated iodine being exixdled by 
heat. 

In the solution of the ore loith stnnnom chloride and hydrochloric acid, if an 
excess of the former has been accidentcdly added, it will he necessary to oxidize the 
iron before reduction. This may be accomplished by addition of hydrogen peroxide 
until the yellow color of fertic chloride appears (or by addition of KMn04 sohition), 
the excess llaOa may be removed by boiling. The iron may now be reduced by one of 
the above methods. 

Volumetric Determination of Iron by Oxidation with 
Potassium Dichromate 

Principle. This method depends upon the <iuantitativo oxidation of ferrous 
salts in cold acid solution (II(.y or HaSO,) to ferric condition by ijohussium 
dichromate, the following reaction taking place: 

GFcCla-HKaCraOr-l- 141IC1 =GFcCla-f 2CrCl,-|-2KCH-7HaO. 

Potassium ferricyanide is used as an outside indicatejr. 'I'liis reagent pro- 
duces a blue compound with ferrous salts and a yellowish-brown with ferric. 
The chromic salt formed by the reaction with iron colors tho solution green. 

Reagents Required. Standard Potassium Dichromate. When oxvgcn 
reacts with ferrous salts, the following reaction takes place: 

GFeCI,-|-GHC;i-|- 30 =GFeCl 3 -l- 3 H, 0 . 

Comparing this reaction with that of dichromate, it is evident that a normal 
solution of dichromate contains one-.sixth of the molecular weight of K 2 ('r 2()7 
per liter, namely, 49.033 grams. For general u.se it is convenient to have two 
strengths of this sohition, N/o for ores high in iron and N/10 for products con- 
taining smaller amounts. 

Standardization. For N/5 solution 9.S07 grains of the recrystallized de- 
hydrated salt are dissolved and made up to one liter; N/10 potassimn dichro- 
mate contains 4.903 grams of tho pure salt per liter. It is advisable to allow 
the solution to stand a few hours before standardization. The Sibley iron 
ore fimiished by the U. S. Bureau of Standards, Washington, D. C., is recom- 
mended as the ultimate standard. Other ores unifonn in iron may be standardized 
against the Sibley ore and used as standards. The ore in question contains 
69.20% Fe (1914). For accurate work it is desirable to use a chamber burette 

* Amalgamated zinc is best prepared by dissolving 6 grams of mercury in 25 cc 
of concentrated nitric acid with an equal volume of water, 250 cc. of water are 
and the solution poured into 600 grams of shot zinc, 20-me8h. When thorouahlv 
amalgamated the solution is poured off, and the zinc dried. ^ ' 
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with graduations from 75 to iX) cr. in tenths and from JK) to 100 in twentieths of 
a cc. A titration of 00 to KM) ee. of tlie dichromate would re(|uire 0.9 to 1.1 
gram of iron for a fifth nonnal solution and half this atrumiit for a tenth normal 
solution of dichronmte. In the first cjisc 1.4 gram of Sibley iron ore should 
be taken and for N/IO 0.7 gniiu of the ore. 'J’he ore is best dissolved in strong 
HCl, adding a f(iw drops of stannous chloride solution and heating just l)elow 
boiling. In case of an ore or iron ore briciuette, containing silica in an appre- 
ciable amount, a carbonate fusion of the residue may be necessary, lieduction 
and titration of the ore is done exactly as prescribed under Procedure below. 

The c(]uivalcnt iron in the ore divuled by the cc. titration required for com- 
plete oxidation gives the valnc in t(?nns of gnims per cc., e.g., 1.4 gram of ore 
containing 69.2% Fe retiuired a titration of 95 cc. K*Cr *07 solution, then, 

COO 2X1 •1’) 

1 cc. - — ^95 =0.0102 gram Fe. 

1 00 

Stannous Chloride. Sixty grams of the crystallized salt dissolved in 600 
cc. of strung lU’l and made up to one liter. The solution should be kept well 
stopfMJHjd. 

Mercuric Chloride. Saturated solution of llgCU* (60 to 100 gram.s per liter)* 

Potassium Ferricyanide, K3Fe(CN)t. The salt should be free of ferrocyanide, 
as this produces a blue color with ferric salts, which would destroy the end- 
point. It is advisable to wash off the salt before using. A crystal the size of 
a pinhead dissolved in 50 cc. of water is sufficient for a series of detenninations. 
The solution should bo made up fresh for each sot of detenninations. 

Apparatus. Chamber burette, 'i'his should read from 75 to 90 cc. in 
tenths anti from 90 to 100 cc. in twentieths of a cc. 

Test Plate. The usual porcelain test-plate with depressions may l)e replaced 
by a very sinqile and efficient tost-shetit nuule by di]>]>ing a white sheet of paper 
in i)aranin. The iiulicator tlotJS not cling to this surface, the drops a.s.suming 
a spherical form, which rtMultjrs the detection of the end-point more delicate. 

Procedure. Iron Ores. I'lie amount of sample taken should be such that 
the actual iron jmwent wotikl weigh between 0.9 to 1.1 gram. This weight 
can be estimated by dividing 95 by the approximate percentage of iron present, 
e.g., for 50% Fe ore take ^ = 1.9 gram; 5)5% iron material would rcciuire 1 
gram, whertMis 20% Fe ore would require 4.75 gmms. 

For samples containing less than 20% Fe it is advisable to use N/10 
solution. 

The sample should be finely ground (80-mesh). 

Solution. The hydrochloric acid method for solution of the oxidized ore 
with subseo.uent carbonate fusion of the residue is recommended as being suitable 
for iron ores, briquettes, and materials high in iron. 

Reduction, H 2 S reduction is recommended in ores containing arsenic or 
titanium. SnCl* in very slight excess, followed by mercuric chloride, HgCU, 
gives excellent results in absence of other reducible salts of elements, Cu, As, etc. 

Test Lead. The easy manipulation and efficiency of this method of r^uc- 
tion makes it applicable for a large variety of conditions. The acid solution 
preferably, HCl, is diluted to about 150 to 200 cc., containing 15 to 20 cc. con- 
centrated hydrochloric acid (sp.gr. 1.19). Sufficient test lead is added to cover 
the bottom of a No. 4 beaker. The solution covered is boiled vigorously until 
it becomes colorless. Copper, if present, is precipitated, as well as platinum, 
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and small amounts of arsenic and antimony eliiniiiatod from the solution during 
the reduction of the iron. The cooled solution is pourctl into a (KH)-cc. beaker 
and the mat of lead remaining in the No. 4 beaker washed free of iron, two <jr 
throe 50-cc. washings being sufliciont. The main solution and w'ashings are 
combined for titration. If the solution is slightly colored, due to re»)xidation 
of iron, u few drops of stannous chloride solution are a<lded to reduce it, followed 
by an excess of HgC'U solution, 20 to 2ii cc., and allowcid to stand live minutes. 

Titration. The standard potassium di(*lir.)mate is run into the solution to 
within 5 to 10 cc. of the end-point, this having been ascertained on a i)ortiou 
of the sample. The di<!hromate is run in slowly near the end-reaction, and 
linally drop by <lrop until a drop of the .solution mi\('d with a drop of potassium 
ferricyaniile solution pnaluces no blue ct)lor during thirty seconds. A parallined 
surface is excellent for this test. 

Cc. K 2 Cr 207 multiplied by value per cc. =Fe pnvent in sample. Ve 

NVcks. If SnCh solution has been used for reduction of the iron, it is ncet!s.sary 
to add the MgCh rapidly to a cold solution, as slow addition to a warm solution is 
apt to precipitate iiietallie mercury. 

In ca.^e an excess of dichmmate has been added in tlie titration, as often occurs, 
back titration may be made with ferrous ammonium sulphate (N H4)2H()4-FeS()4'(jll2<). 
N/10 solution of this reagent may be jireparcd by di.s.solving grams of the clear 
crystals in about 100 c<!. t)f water, adding .5 <!e. of (Hiiicontrated 1 12804 and making to 
2.50 en. The solution should be stamlanli/ud against the dichromate solution to get 
the eituivalunt values, by running the dichromate directly into the ferrous solution. 

The I'erricyanide indicator should be made up fresh each time it is recpiired. 

Large amounts oi inunganuse in the iron solution titrated clause abrown eoloration, 
which masks the en(l-})oiut. N ickel and cobalt, prc.setit in large amounts, arc object ioii- 
ab’e for the sarre rca.son. Tliis int«‘r.’erciice may bo »)vercoii (• by using very dilute 
acid solutions <n’ forricyanitlc iiidicutor, so that the iu.solublc forricyauidc 0/ the.se 
metals will not form. 

Potassium Permanganate Method for Determination of Iron 

Introduction. Tiie method dcixmds upon the quantitative oxidation of 
ferrous salts to the ferric condition when pot:i.ssium permanganate is added to 
their cold solution, the following reaction taking place: 

10FeSO4+2KMnO4+81l2SO4=5Fe2(SO4)3+K2S()4+2iMuS()4+SH2O. 

Hydrochloric acid in presence of iron salts has a secondary reaction upon 
the permanganate, e.g., 

2 KMnO 4 + 16 HCl= 2 KCl-|- 2 MnCl 2 + 8 H.;O+ 10 Cl. 

This reaction may be prevented by addition of large amounts of zinc or man- 
ganous sulphates together with an excess of phosphoric acid.^ It is preferable, 
however, to exi)el HCl, when this lias been used as a solvent, by adding sul- 
phuric acid and taking to fumes. The solution is diluted and reduced with zinc 
and titrated as directed. 

The reduction of ferric sulphate is best accomplished by passing the solution 
through a column of amalgamated zinc in the Jones rcductor. In presence 
of titanium, reduction is accomplished by H*S in a hydrochloric acid solution of 
the iron. 


* Jour. Am. Chem. Soc., 17, 405. 



IRON 


219 


Since potassium porman^aiiatc enters into reaction with acid solutions of 
antimony, tin, platinum, copjw r and mercury, when present in their lower state 
of oxidation, (also with manganese in neutral solutions) and with SO*, 11*8, N4O, 
fcrrocyanides ainl with most soluble organic bodies, these must be absent from 
the iron solution titrateil. 

Po<,assium pcirmanganate produces an intense pink color in solution, so that 
it acts as its own indicator. 

Solutions Required. Standard Permanganate Solutions. As in case of 
])otassium dichroinato, it is c(»nvt!nient to have two standard solutions, N/5 
and N/IO. 

From the reaction given above it is evident that 2 KMn()4 are c(iuivalent to 
5 oxygens, e.g., 2KiMn()4 =K..()+2Mn() f 50, hence a normal solution would 
contain omvfifth of th<5 molecular weight r)f KMn()4 — grams of the jaire salt. 
H<Mice a N/o solution would contain <>..‘12 grams per liter and a N/IO solution 
3.1() grams. 

Since c(jmiu(*rcial ))otassium permanganate is seldom pure, it is ne<*essary to 
determine its exact value by standard i/ation. 'I’liis is commonly accomplis!;ed 
by anj'^ of the following methods: 

(«) By a standard ehictrolytic iron solution. 

(h) By ferrous .salt solution, e.g., (Nll4)«S()4-FeS()4-()ll20. 

(c) By oxalic acid or an oxalate. 

Reaction. 2KMn( ) i +.‘)Na2( V >4 -f <SH.S( >4 

= K..S( )4+2MnS()44- ')NasS()4+ 1 0(H la+SlljO. 

« 

Standardization of KMnOi ag.iinst s/nlintn oxnlnlc. is recommended as the 
most accurate procedure. The salt has no water of crystallization and is not 
hygroscopic. It can bo obtaitaal from the Bureau f>f Standards with a guarantee 
of purity. Traces of moisture can be exjMilled by heating the salt to 120'’ C. for 
tw'o hours, then cooling in a desiccator. 

N/5 Na2C2(^4 contains 13.10 grams per liter, N/10 solution contains 0.7 
grams. For standardization of N/.5 KMn()4, 3.3,5 grams of the sodium o.xalate 
are dissolved in warm (70° C3.) water (about 200 cc.), .50 cc. of 2N. II2SO4 are added 
and the solution made up to 2.50 cc. 

N/5 KMn()4 contains 6.32 grams c.f the salt per liter. It is advisable to 
dissolve 6.4 granus of the salt in about 500 cc. of hot water and filter the solution 
through asbestos to remove any dioxide of mtmganese that may be present, 
as MnO* aids in the decomposition of KMn()4 solution. The reagent should be 
kept tightly sealed in a dark bottle well protected from the light. This solution 
should stand two or three days before standardization. 

To standardize the solution 100 cc. of the N/5 sodium oxalate solution is heated 
to about 70° C. and the permanganate solution added from a 100-cc. burette 
very slowly in small portions at a time, allowing the color to fade after each 
addition before adding mure. When within 6-10 cc. of the end-point the per- 
manganate solution should be added drop by drop until a faint pennanent pink 
color persists. 

Procedure for the Determination of Iron by the Jones Redactor 

Preparation of Sample. Such an amount of the sample is t.aken that the 
iron content is between two- and three-tenths of a gram (0.2 to 0.3 gram). If 
bydrocliloric acid has been required to effect solution, or hydrochloric acid and 
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nitric acid (25 cc. : 1 cc.), as in case of iron and steel, 4 to 5 cc. cone, sulphuric 
i.r J added, and the solution evaporated to small bulk on the steam bath and to 
SO* fumes to remove hydrochloric acid. The iron is taken up with about 50 cc. 
dilute sulphuric acid, 1 : 4, heating if necessary, and filtering if an insoluble 
residue remains. 

Preparation of the Reductor. Cleaning out the apparatus. See Fig. 40. 
The stop-cock of the reductor is closed , a heavy-walled flask or bottle is put into 

])usition at the bottom, and 50 cc. of dilute 
sulphuric acid poured into the funnel. The 
cock is oi)ened and the acid allowetl to flow 
sltiwly througli the zinc in the tube, apjAying 
a gentle suction. Before the aci«l has drained 
out of the funnel, 50 cc. of water arc added, 
followetl by 50 C(!. irore of dilute sulphuric 
acid anti 60 cc. of water in turn. The stop- 
cock is turned off before the water has drained 
completely from the funnel so that the zinc is 
always covered by a solution of acid or water. 
This precaution should bo observetl in all 
determinations with the .lones reductor to pre- 
vent the inflow of air into tlie column of zinc. 
The contents of the flask being emptied and 
the flask replaced, the apparatus is ready for 
the determination of the blank. 

Determination of the Blank. Fifty 
of dilute sul]>huric acid, 1 : 4, am 
through the reductor, followed by 250 cc. of 
distilled water, according to the directions 
given above. The aciil solution in the flask 
is then titrated with N/10 KMnO* solution. 
If more than 3 or 4 drops of the permanga- 
nate are recjuiretl, the operation must be re- 
peated until the blank titration docs not 
oxcccmI this amount. The final blank obtained 
should be deducte<l from the regular determinations for iron. The end-point of 
the titration is a faint pink, persisting for one minute. 

Reduction and Titration of the Iron Solution. The sample is diluted 
to 200 cc., and, when cold, is run into the funnel, th.e stop-cock opened and 
the solution drawn slowly through the column of zinc into the flask, about four 
minutes being required for 200 cc. of solution. Before flie funnel has com- 
pletely drained, rinsings of the vessel which containetl the sample are added; 
two 50-cc. portions are sufficient, followed by ab»)Ut 50 cc. of water. The 
8toi>-cock is clo.sed before the solutions have completely drained from the funnel. 

Titration. The flask is removed and tenth normal solution of perman- 
ganate added until n faint pink c»>lor, iKU’sisting one minufe, is obtained. The 
l-hxnk is deducted from the cc. n^ading of the burette. 

(’c. KMnO* thus found multiplied by the value of the reagent in terms of 
N/10 =truo value of N/10 KMnO* required to oxidize the reduced iron. 



cc. 


Fia. 40. — Jones Reductor. 


One cc. N/10 KMnO* = .005584 gram Fe; or .007984 gram Fe*0*. 
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This weight, divided by the weight of the sample taken, and multiplied by 
100 =per cent iron, or iron oxide in the sample, according to the factor taken 
above. 

Stannous Chloride Method for Determination of Ferric Iron 

The procedure is based upon the reduction of the yellow ferric chloride to 
Ihc colorless ferrous salt by stannous chloride, the following reaction taking place: 

2FeCIa+SiiCh = 2FeCl,+SnCl4. 

The method is of value in estimating the quantity of ferric iron in presence 
of ferrous, where the two forms are to be determined. In order to obtain the 
tr>tiil iron the ferrous is oxidized by adding 
a few crystals of pota.ssiuin chlorate and tak- 
ing to <hync.ss to expel chlorine, and then 
titrated with stannous chloride. 

'Phe accuracy of the method dcjamds 
111)011 the uniformity of conditions of tem- 
perature, concentration, etc., of making the 
run with the sample and of .standardizing the 
stannous chloride. The solution .should be 
free from other oxidizing agents, or from 
stilts that giv'c colored solutions. 

The amount of iron in terms of ferric 
oxide that can be estimated by this procedure 
ranges from 0.002 gram to 0.06 gram. 

Reagents. Stannous Chloride Solution. 

I’he reagent is prepared by tlissolving 2 grams 
of .stannous chloride crystals in hot concen- 
trated hydrochloric acid and making up to 
1 liter. The solution .should be kcjit in a 
dark bottle to which the titrating burette is 
attached in such a way that the liquid may 
l)e siphoned out into this, as shown in the 
illustration. Fig. 41. The air entering the 
bottle passes through phosphorous or pyro- 
gallic acid to remove the oxygen. In this way, protected from the air, the 
reagent will keep nearly constant for several weeks. It is advisable, however, to 
restandardize the solution about every ten to fifteen ilays. Onecc. will be equiv- 
alent to about 0.001 gram Fe. 

Standa-d Iron Solution. 8.(kl22 grams of ferric ammonia alum is dissolved 
in dilute hydrochloric acid and made up to one liter. The iron is determined in 
100-cc. portions by the dichromato method. One cc. will contain about 0.( 01 
gram Fe. 

Procedure. To the sample in a casserole is added 25 cc. of concentrated 
hydrochloric acid and an equal volume of water. The resulting solution is 
heated to boiling and quickly titrated with the stannous chloride reagent, 
until the yellow color fades out and the solution l)ecomes colorless. 

Note. The titration should be done quickly, as the iron will reoxidize on standing 
and the solution again become yellow. Tlie true end-point is the first change to a 
colorless solution. 


Heavy Wa/t Tube 
wHh smalt bore 


f^essure release 
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Over opening during 
fittingof iKirelfe 
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Fig. 41. — Apparatus for Stannouj 
Chloride Titration of Iron. 
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COLORIMETRIC METHODS FOR THE DETERMINATION OF 

SMALL AMOUNTS OF IRON 

Iron Traces. Sulphocyanatc (Thiocyanate) Method^ 

Introduction. By tliisj iiiothod I purl, of iron may be ({(‘teeted in oO million 
parts of Avater, Tho presence of free ininernl acid increases the sensitiveness 
of the iueth«»d, so that it is esj)ecially applicable to the determinatimi of small 
amounts of iron in mineral acids. It is available in pivsence of many of the 
ordinaiy metals ami in presence of or^'anic matter. Silver, ccjppcr, colialt, mer- 
curic chloride, hoAvever, interfere. 

Nitric acid gives a color with sulidiocyanates that may be mistaken for 
iron. 

This method, like the stannous chloride method, determines only the ferric, 
iron. It is based on the fact that ferric iron and an alkali sulphocyaiiate, 
ammonium or ])otassiutn sulphocyanates, in an ackl solution gh'cs a r(‘d color, 
the intensity of which is proportional to the quantity t)f iron ])resent. '^I’lie 
color is due to the formation of the compound, Fe(('NS)s‘'.)lvC’\S- lllaO. 

Reagents Required. Standard Iron Solution. A ferric solution, tiu! iron 
content of which has been determined, is dilute<l and ilivided so as to obtain 
0.000 1 gram Fe. This is made up to 2 liters with water containing 200 cc. of 
iron-free, C'.P. HsSt)4. One hundred cc. of this solution, together with 10 cc. 
of normal ammonium sulphocyanate solution, is used as a standard. One 
hundred cc. contains 0.00(H)2 gram Fe. 

Normal sulphocyanate contains 76.1 grams of NILCNS i)er liter. 

Procedure. The weighed sample, 1 to 10 grams, or more if necessary, is 
dissolved in dilute H1SO4 and oxidized by adding dilute permanganate, KMn04, 
solution drop by drop until a faint pink color is obtained. Tho sample is diluted 
to exactly 100 tc. and is poured into a burette graduated to -j*®- cc. Two 
colorless glass cylinders of the 100-cc., Nessler type are used for comparison 
of standard and sample. Into one cylinder is poured 100 cc. of the standard 
solution, made as directed above. Into tho second cjdinder containing 10 cc. 
of sulphuric acid with 10 cc. ammonium sulphocyanate, NH4CJNS, diluted to 
60 or 70 cc., the sample is run from the burette until the depth of the color 
thus produced on dilution to 100 cc. exactly matches tho standard. From the 
number of cc. used the weight of the sample is calculated. One hundred cc. 
of the standard contains 0.00002 gram Fe. 

Dividing the weight of iron in the standard by tho weight of sample used 
and multiplying by 1(X) gives the per cent of iron in the sample. 

Notes. If other metals are present, tliat form two scries of salts, they must be in 
the higher stare of oxidation, or the color is destroycrl. (Hutton.) Oxalic acid, if pres- 
€mt, destrr)ys the color. Oxidarion with KMnth or KClOa with .subsequent removal of 
CI2 prevents this interference. (Lunge, C. N., 73, 2.50.) 

Chlorirlcs of the alkaline earths retard or prevent the sult)hot!vanate rcarjtion 
(Weber, C. N., 47, 16.5.) 

The cxilorimetcr list'd tor the detennin.'ition of minute quantities o." lea»l would seivc 
admirably for the rletennination of traces of iron by tho suljihocyaiiate mcthorl. 

Acids* hydrochloric or suliihuric (diluted), may bo added directly to the annnoniuin 
sulphocy.«in:i(e solution. 

1 Thomson, .1. C. S., 49:i, 18S5, and Cb N., 61, 259. Kruss and Moraht, C. N. 64 
265. Davies, C. N., 8, 163, ’ ’ 
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Salicylic Acid Method for Determining Small Amounts of Iron * 

Salicylic acid produces an amethyst color with neutral solutions of ferric 
salts, the deptli of the color l)(;ing proportional to the concentration of the ferric 
iron in the stdution. The miction is useful in determining small amounts of 
iron in neutral salts, such as sodium, ammonium, or potassium alums, sulphates, 
or chlorides, zinc chloride, etc. Phosphates, fluorides, thiosulphates, sulphites, 
bisulphites and free mineral acids should be absent. The sample should not 
contain over 0.0002 gram iron, as the depth of color will then be too deep for 
colorimetric comparisons. As low as 0.(M)001 gram ferric iron may be detected. 
Ferrous iron produces no color with the reagents, hence the procedure serves 
for determining ferric iron in jiresence of ferrous. 

The material is dissolved in 20 cc. of pure wat(‘r, the sample filtereil if cloudy, 
and transferred to a Xi'ssler tube. Dilute potassium jiermanganate solution 
is added until a faint iiink color is produced and then 5 cc. of a saturated solution 
of salicylic acid. (The reagent is filtered and the clear solution used.) (.‘oin- 
purtson is made with standard solutions containing known amounts of ferric 
iron, the standards containing the same reagents as the sample. If desired 
the standard inm .solution (O.OSO gram ferric ammonium alum, clear crystals, dis- 
solved in water containing 2 cc. of dilute suli)huric acid and made to 1000 cc., 
each cc. contains aiipro.ximately O.OOOOl gram l'’e'") is added from a burette 
to Ti cc. of salicylic acid diluted to 25 cc. in a Xessler tube, until the color of the 
standard matches the sample. A plunger is used to stir the liquids. 

TECHNICAL ANALYSIS OF IRON AND STEEL 

The elements carbon, manganese, phosphorus, sulphur, and silicon are in- 
variable constituents of iron and steel, and are always included in an analysis. 
Copper and arsenic are sometimes found; aluminum, chro- 
mium, nickel, molybdenum, tin, titanium, tungsten, vana- 
dium, and zinc occur in special alloy steels. Minute traces of 
oxygen, hydrogen, and of many other elementary constituents 
frequently are present, but are of so little importance that 
they are seldom considered in an analysis. 

Our attention is drawn in this chapter to the more impor- 
tant constituents, whoso estimation is rctiuired in the daily 
routine analysis of a steel works laboratory. The elements 
considered are carbon — carbide or combined carbon and graph- 
itic carbon, manganese, phosphorus, sulphur, and silicon. 

Determination of tlie elements of special alloy steels contain- 
ing aluminum, chromium, nickel, titanium, tungsten, vana- 
dium, etc., arc given in the chapters on the elements in question; 
for exatnple the determination of vanadium in steel will bo 
found in the chapter on Vanatlium, chromium and copper in 
the chapters on Chromium and Copper, etc. 

As is generally the case, a large number of determinations Pio. 42 , 
are required in the steel works laboratories and it is not an piyi,ji„g pipette, 
uncommon thing for one man to turn out .50 to 100 determina- 
tions a day. To accomplish this, simple and rapid procedures are reijuired. 
When the metal is unusually Iiigh in an undesirable constituent it is indicated 
< Method of W. S. Allen, by courtesy of the fleneral Chemical Comp.any. 
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by the tost, and a confirmation of the result is obtained by an additional test, 
exercising extreme care, and using a proccduise giving results of the highest 
accuracy. Fortunately the analysis of steel has received considerable attention 
and rapid methods have been worked out which are extremely accurjvte. 

The procedures briefly outlinerl have proven of value to analysts of iron 
and steel. While in charge of the laborat(»ry at Hal«lwin Locomotive Works, 
the author found that a skilled analyst was able to turn out 125 determinations 
of combined carbon, or 100 of manganese, or of sulphur, or 50 determinations 
of phosphorus, or 25 dctcnuinations of silicon per day by the procedures given. 
This necessitates the use of a large num))er of beakers and fliusks, ample desk 
room, individual balances, hot plates, and hoods to accommodate a dozen to 
two dozen beakers or flasks at a time, and a carefully jdannod systenn. 

The dividing pipette, shown in Fig. 42, is useful for adding a definite amount 
of reagent to the sample. 

In addition to the short metluKls, we include the procedures recommended 
by the U. S. Bureau of Standards, for cjises where accuracy is e.ssential and 
time a sccondaiy consideration. ■ 

Preparation of the Sample 

The metal is sampled by drilling with a clean twist drill, using no water 
or oil. 

Hard grades of pig iron, chilled iron, ferromanganese, (|uenc.he<l steel, etc., 
are broken down to a coarse powder in a chilled steel mortar. 

Combined or Carbide Carbon — Colorimetric Method 

Rapid Method. 0.2 gram of well-mixed drillings is placed in a test-tube 
6XJ ins. and 4 to 10 cc. of nitric acid (sp.gr. 1.2) added from a burette, the 
test-tube being placed in cold water to prevent too violent action. The amount 
of acid added is governed by the carbon-content of the steel (see chapter on 
Carbon, page 108). After the violent action has ceased, the tube is placed in a 
specially-designed water bath, the water heated to boiling and boiled for twenty 
minutes or more until the solution in the tube has become perfectly clear. 
The sample is now removed, washed into a color carbon tube and compared with 
a standard steel of the same class of material as that examined. Full details of 
the procedure may be found in the chapter on Carbon. 

Iron and steel containing graphite must be filtered before nuiking comparisons. 
The solution, diluted with one-half its volume of water, is filtered through a small 
filter paper into a test-tube. The residue is washed with a fine jet of distilled 
water until free of color. The filtrate is compared with a standard sample of 
similar composition treated in the same way. 

Steel containing chromium, copper, nickel, and elements yielding a colored 
solution should not be examined by the colorimetric methods. 

Metiiod of the Bureau of Standards. Total and graphitic carbon are 
determined and the difference taken as combined carbon. 
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Specifications for Combined Carbon. 


Material. Per cent Carbon. 

Boiler rivets 0.15 

Seamless boiler tubes 0 . 18-0 . 25 

Boiler and fire-box j>lat«*s 0 . 15-0 . 25 

Cylinder grade pig iron 0.25-0.50 

Forged anti rolled steel wheels 0 . 70-0 . 75 

Steel blooms for forgings, open hearth, basic 0.40 0.55 

Steel blooms for forgings, acid 0 . 35-0 . 40 

Bolt steel 0.22-0.28 

Si)ring steel 0.00-1 . 10 

( 'rank axles forged 0.35-0.55 

( 'listing not over 0 . 35 

Tiro steel 0 . 65-0 . 75 

Floor grade ]>ig iron. , not over 0.40 


Total Carbon 

The dctoriuination is re<iuired for an accurate estimation of carbon where 
the color test indicati^s the carbon content outside the limits of reiiuirement, 
or in cases wliere interfering substances are present. In material where the 
carbon content is of extreme importance, the color method is not u.sed. Details 
of the proceilure for determining carbon by direct combustion are given in 
the chapter on (’arbon. The following procedure is recommended by the 
Bureau of Standards: 

(a) In Irons. Two grams of iron are mixed with about twice the weight 
of purified ferric oxide. I'he mixture is placed in a platinum boat, which is 
lined with a suitable bed material, and is burned in a current of oxygen, as 
described below. 

(h) In Steels. The method is the same as for irons with omission of the 
ferric oxide mixture. 

Details of Direct Combustion Method. Furnaces and Temperature of 
Burning. Porcelain tubes wound with “nichrome” wire, provided with suit- 
able heat insulation and electrically heated, are used, and readily give tem- 
peratures to 1100° C. Type FB 301 Hoskins tube furnace and the hinged 
type, Fig. 32&, are satisfactory. 1'hc temperature control is by means of an 
ammeter and rheostat in series with the furnace, with occasional check by a 
thennocouple. 

Boats and Lirdng. Platinum boats provided with a long platinum wire for 
manipulation in the tube are mostly used; alundum ones occasionally. The bed 
or lining on which the steel rests is. 90-mesh “KR alundum, alkali-free, specially 
prepared for carbon determination.” A layer of this alundum is also placed 
in the bottom of the combustion tube to prevent the boat sticking to the glaze. 
A platinum cover for the boat is sometimes used, and is essential when the 
combustion is forced. 

The nature and quality of the bed material are matters of great importance. 
Alumina as prepared from the sulphate or from alum may not be free from 
sulphate or alkali, both of which have given serious trouble at the Bureau. The 
alkali, if present, may not manifest itself by an alkaline reaction until after 
one or two combustions have been made, using the same bed material. Even 
the ordinary white “alundum” on the market carries a few hundredths of 1% 
of alkali. Iron oxide has been tried, and when pure should, apparently, give good 
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service. As yet, however, it has been (lifficiilt to obtain or ]>roj)are acceptable 
material for use with steels, (juartz sand gives rise to a tu able .slag, which 
melting before combustion is complete, incloses bubbles of carbon ilioxide gas 
This defect would probably inliere in any otluir material of an acid cluiracder. 
The presence in the silica bed after combustion of crystals which appear to b(? 
carborundum, have occasionally been not(!d.^ 

Purity of Oxygen. Blanks. The Bureau makes its oxygen elect roly tically, 
and its content of this clement is usually 90 to OO.o'^^, anti sometimes higher. 
Even with this gas a slight blank is usually ol)tained. When running a blank, 
in additional to the usual j)reeautions, the rate at which the oxygen is intn;- 
duced should be the same as when burning a samplt*, and the time should be 
three to five times as long. 

Method of Admitting Oxygen and Rate of Combustion. 'Phti furnace being 
at the proper temperature, the boat containing the sample is introductsl. Oxygen 
is admitted either at once or after the boat lias r(*ached tlie temjierature of the 
furnace, as the operator prefers, or as the nature of the st«‘el may diauand. 
The rate of flow of the oxygen varies with the, alisorjition apparatus useil and 
with the preference of the operator, ami maj"^ be consideralily more rajiid when 
absorbing carbon dioxhle in soda lime than in an alkaline solution. A rapid 
flow of oxygen also facilitates the burning of resistant .samples. A <‘ontinuous 
forward movement of the gas current is maintained at all times. 'I'he time 
for a determination varies, of necessity, with the nature of the sam))le and the 
rate of flow of the oxj’-gen, ranging from ten to thirty minutes, 'riie endeavor 
is to obtain a well-fused oxide. With all samifles close jiacking in a small .space 
is conducive to rapid combustion and to fusion of the resulting oxide. 

Authorities differ as to the advisability of allowing the oxide of iron to fuse 
thoroughly. Even when fusion does take ]>lace additional carbon dioxide is 
obtained veiy frequently by grinding the oxide and reburning. Often more 
than one regrindiag and roburning is neces.s;iry in order to reduce the atnount 
of carbon dioxide obtained to that of the constant blank. 

Oxides of sulphur have been fimnd very diflicult to eliminate from the gases 
leaving the tube. Lead peroxhle (“nach Dennstedt”) heated to ;!()()“ ('. and 
zinc at rooni temijerature ajipear to retain them best 

Attention is called to the inadmissibility of using dry agents of different 
absorptive power in the same train, in positions where a difference <-ould jiossibly 
affect results. 

Weighing of Tubes. There is much greater tlifficulty in scseuring <‘onstant 
conditions when weighing absorption tubes than is usually considm-ivl to be 
the ease. Electrical effects, caused by wiping as a preliminary to weighing, 
nuiy occasionally cause errors in weight running into the milligrams. The 
use of counterp»)ises of eciual volume ami similar material and shape is recom- 
mended. 

If tubes are weighed full of oxygen, care is necessary to secuni a uniform 
atmosphere in them. Even though the a(temi)t is made to keep the apparatus 
always full of ox>'gen, .some air is admitted wlum the boat is jnislavl into the 
combustion tube, and a much longer time is reciumHl to displace this than is 
usually allowed, unl&ss the flow of oxygen during aspiration is i;ipid. 'Fhc 
same is true if the tubes are weighed full of air by displacing the oxygen left in 
them after tlie steel is burned. Another source of error may arise from the 

1 Statement of Mr. George M. Berry, of the Halcomb Steel CJo. ^ 
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air admitted when imttiiig the boat into the tube, if this air contains much 
carbon dioxide, as is the case*, when a gas furnace is used. The boat is usually 
puslied at once into the hot furna(*e, and as combustion begins almost inmie- 
tliately, there is no oi)portunitj’’ for disjilacdng this air before the steel begins 
to burn. 

Graphite in Iron 

'J’wo grams of iron are dissolved in nitri(! acid (sp.gr. 1.20), using 35 cc. and 
heating v(;iy g(;ntly. "I'lie residue is collected on an asbestos felt, washed with 
hot water, then with a Jiot solution of p<jtassinm liydroxide (sp.gr. 1.10), fol- 
lowed by dilute hy(h‘o«-hlori<i acid an<l liiuilly by hot watesr. After drying at 
100“ C., the gra|)hil<t is burned in the same manner as the total carbon, but 
without admixture of ferric oxide. 


Manganese in Iron and Steel. Ammonium Persulphate Method 

Small amounts of mangaia^se may he determined colorimetrically by the 
p(a*sidphat(! nu'thod, i)rovided the sam])le docss not contain over 1.5% of man- 
ganese!. 'riie procedure given in detail in the chapter on Mangane.se, page 207, 
in bri<‘f is as follows; 

Read ion. 2Mn(Xt)3)2-|-o(N 1 14)2^2! lo-t-t'Il-iO 

=r>(NU 4 ) 2 S 04 +r)ll 2 S() 4 -|-inNC) 3 + 2 ITMn() 4 . 

0.1 to 0.2 gram of steel, according to the amount of manganese in the sample, 
is placed in a lO-in. bwt-tnbe aiul 10 cc. of nitric acid (sp.gr. 1.2) are added. 
The sample is heated in a Avaler bath xmtil the nitrous fumes arc driven off and 
the steel is comjxletxily in solution. Fifteen cc. of silver nitrate solution are 
udd(‘d to the cf)oit!d sam])le, followxid immediately with aboxit 1 gram of ammo- 
nium persulphate crystals. The solution is wanned (SO to 90° C.) until the 
color commences to develoj), and then for half a minxite longer, and then placed 
in a beaker of cold water until the solution is cold. Com])arison is now nmde 
with a standard st(*(‘l trc'at.ed in the same way. The comparison being made 
exactly as indicated for determining carbon bj” the color method. Hee chapter 
xm ( 'arbon. 

Example. If the standard, containing 0.(5% Ain is diluted to 1.') cc., each 
cc. =().01(j) Mil. If the sample retiuired a dilution of 20 cc. to match the 
standard, then 0.04 X 20 — 0.S% Ain. 


Lead Oxide Method (Deshey) . 

Oxidation of the nmngancsc in the steel is effected in a nitric acid solution 
by addition of red lead (or by lead peroxide); the lead peroxide, formed oxidizes 
the manganese nitrate to pennaiiganic acid. The solution is now titrated with 
staiidanl sodium ai’senitc, the following reaction taking place: 

2HAIn04-l-5Xa,iVs03-|-4HN0,=5Na,As04+3H,0-|-2Mn(N0,)*. 

0.5 gram of steel is placed in a 150-cc. beaker and dissolved with about 
30 cc. of nitric acid (sp.gr. 1.12). After violent action has subsided, the beaker 
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is placed on a hot plate and when the iron has dissolved, 20 cc. of water added. 
The manganese is now oxidized by adding red lead in small jjortions at a time, 
until the solution appears brown with a junkish purple foam on tl’io surface. 
The solution is diluted with hot water until the volume is about 100 cc. and 
then boiled for a few minutes. It is now placed in a dark closet to cool. (A 
fresh batch of samples may be started in the meantime.) The solution is 
carefully decanted off from the peroxide, and with the washings of the fjcroxide 
residue, titrated with standard sodium arsenite to the yellowish green end- 
point. The sodium arsenite is made by dissolving 4.90 gmms of pure arsenous 
acid together with 25 grams of sodium carbonate in 200 cc. of hot water and the 
solution diluted to 2000 cc. The arsenite is standardized against a steel sample 
of known manganese content, or against standard i)ermanganatc solution. 


Bismuthate Method for Determining Manganese, Recommended 
by the U. S. Bureau of Standards' 

'i'liis is the most accurate method for determining mungane.so in iron and 
steel. The procedure is as follows: 

Procedure. One gram of drillings is dissolved in .'lO cc. of nitric acid 
(sp.gr. 1.135) in a 2(K)-cc. Erleiuneyer flask. Irons should be filtered. The 
solution is cooled, about 0.5 gram of sodium bismuthate is added, and it is 
then heated until the pink color has disappeared. Any manganese dioxide 
separating is dissolved in a slight excess of a solution of ferrous sulphate or 
sodium sulphite. The solution is boiled till free from nitrous fumes. After 
cooling to 15® C., a slight excess of bismuthate is added an<l the fliisk is shaken 
vigorously for a few minutes. Then 50 cc. of 3% nitric acid is added at)d the 
solution is filtered through asbestos. A measured excess of ferrous sul[)hate 
is run in and the excess titrated against permanganate solution which has been 
compared with the iron solution on the same day. A great many steels now 
carry small amounts of chromium as impurity. In such cases titration against 
arsenite solution is recommended, or removal of the chromium by zinc oxide and 
subsequent determination of the manganese by the bismuthate method. 

Permanganate solutions are standardized against sodium oxalate (Bur. Stds. 
Sample No. 40) as prescribed by McBride.* 


Spedfleations for Manganese in Iron and Steel 


Material. 

Boiler rivets 

Boiler and fire-box plates .... 

Seamless Boiler tubes 

rioor-grade pig iron 

Cylinder-grade pig iron 

Forged and rolled steel wheels. 

Sted blooms for forgings 

Bolt steel 

^ring steel 

Crank axles, forged 

Castings 

Tire steel 


PcrcentaiEO of Manganoae. 

o.;io-o.6o 

not over 0.45 

0.40-0.65 

not over 0.80 

0.50-0.80 

0.60-0.80 

not over 0.70 

not under 0 . 50 

not over 0 . 50 (0 . 25 desired] 

not over 0 . 75 

not over 0.75 

0.50-0.76 


' See page 263. 

*BuU. Bur. Sds., 8, 641. J, Am. Chom. Soc., 84, 393, 1912. 
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Determination of Phosphorus 

* The procedures outlined t)y the Bureau of Standards arc generally used in steel 
works laboratories. 

(a) Preparation of Solution and Precipitation of Phosphorus. Two 

grams of sample are dissolvtsl in nitric acid (sp.gr. l.b}.')) and the solution is 
boiled until brown fumes no longer come off. Ten ec. of permanganate solu- 
tion (15 grams to 1 liter) are added, and the boiling is continued. Sodium sul- 
phite solution is added to dissolve the oxide of manganese, and the stdution is 
again boiled and tlaai filtered. With irons the insoluble residue should be tested 
for pliosphorus. After c(M)ling the filtrate, 40 C(!. of attimonia (sp.gr. 0.96) are 
added, the solution is agitated, and when the tom|)erature is at 40® C., 40 cc. 
of molybdate solution ' are added .and the solution is shaken vigorously for 
five minutes. After settling out, the yellow precipitate is treated according to 
one of the following methods, b or c: 

(b) Alkalimetric Method. The precipitate is washed with 1% nitric acid 
solution followed by 0. 1 % pota.ssium nitrate solution until the washings are 
no longer a(*id. The precipitate is dis.solvcd in a measured excess of standard- 
ized sodium hj’droxide solution and titrated back with standardized nitric acid 
using i)h('noIphthalcin. The solutions arc standardized against a steel with 
a kn(»wn anunint of ])hosphorus. 

(r) Molybdate Reduction Method. 'I’lio precipitate is washed ten to 
fifteen tim<!S with acid ammonium sulphate (prepared according to Blair) or 
until the washings no longer react for iron or molybdenum. It is dissolved 
in 25 cc. of ammonia (5 cc. ammonia of 0.90 sp.gr. to 20 cc. water). The filter 
is washed well with water aiul 10 cc. of strong sulphuric acid added to the 
filtrate, which is nin through the reductor at once and titrated against a N/30 
permanganate solution which has been stamlardized against sodium o.valate, 
as jirescribed bj"^ McBride.* 


Specifications for the Amount of Phosphorus 


Class uf Material. 

Boiler steel 

Forged and rolled steel wheels. 

Steel blooms fur forgings 

Crank axles 

Tire and l>olt steel 

Spring steel 

Simng steel desired 

Fire-box plates 

Castings 

Floor-grade pig iron 

Cylinder iron 


Limit of PhoB- 
phorun Allowed, per cent. 

0.05 

0.05 

0.05 

0.05 

0.06 

0.06 

0.03 

0.03 

0.06 

0. 6-0.9 

0.6-0. 9 


Determination of Sulphur 

Rapid-evolution Method. Volumetric. Five grams of iron or steel are 
placed in a 5(Kl-cc. Erlcnmeyer flask, provided with a two-holed rubber stopper, 
through which passes a long-stem thistle tube reaching to the bottom of the 

* Blair, “Chemical Analsrsis of Iron/’ (7th Ed.), p. 97. 

* Bull. Bur. Stds., 8, 641. J. Am. Chem. Soc., 84, 393, 1912. 
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flask, and a delivorj'-bnlb condenser, connected by means of a rubber tube to 
an absorption bull). (See sketch of apparatus in (lie cha 2 )ter on Sulphur, volu- 
metric methods, page 399.) 

About 25 to 35 ce. of an ammoniacal sohU ioii of cadmium chloride are placed 
in the absorption bulb, the apparatus connected and about 100 cc. of dilute 
hydrochloric acid (sp.gr. 1.1) i)ourt“d through the thistle tube into tlu* flask 
containing the drillings. The mixture is heated gently until the sample goes 
into solution and then boiled until steam e.scapos from the ai)paratus. 'I'lie 
reagent in the absorjition bulb should remain alkaline, otherwise a loss of sulphur 
is apt to occur. 

The absorption bulb is now disconnected and the contents emj)tied intri a 
400-cc. beaker and the bulb Wfished out with dilute hydrochloric a<‘id after 
first rinsing out once or twice with water. The solution is now <liluted to 
about 300 cc., and if not already acid, is made so by addition of more hydrochloric; 
acid. 

Two to 3 cc. of starch iiulicalor are added an<l tbe mixture titrated 
with standard iodine, stirring constantly during the titration. A ])ermanent 
blue color in the end-point sought. If much cadmium suli)hide is ])re.seid 
additional hydrochloric acid may be required. 

The number of cc. of iodine solution required multii)lieil by the factor of 
iodine to sulphur gives the amount of sul|)hur ])ro,sont in the sam]>le taken. 

Notks. For a morn con>plotn dcscri()tion of the ]!roccdnre sec chapter on iSuh)hur. 

With certain pig irons low results are apt to be ohtainc'd l>y the <‘volution method. 
For such the gravimetric method given is recommend«'<l. 

(Jray iron will evolve all its sulphur as HjS, white iron, gray water-c*hilled iron, 
gives up only part of its sul|)hur by the evolution method. 'I'he nu'thod gives low 
results for high earbon steel. 

Ill place of ab.sorbing the II 2 S in oa<linium chloride, the Itureau of Standards 
recommends ahsorjition in an aminonieaal solution of hydrogc'n ))eroxid«* (o c«-. H.jOj 
3',’,',-f-25 cc. NIl 4 ()H, sp.gr., O.tlO). The sul|>liuri(; acid fornu'il is ]>reeipif;((<‘d from 
a slightly hydrochloric acid solution, by barium chloride and weiglaai a.s JlaSt > 4 . 


Method by the U. S. Bureau of Standards. Gravimetric 

Sulphur by Oxidation 

Five grams of iron or stool are dissolved in a 400-cc. lOrlonmeyer flask, using 
50 cc. of strong nitric acid. A little sodium carbonatn is nddial, tlu; solution 
is evaporated to dryness, and the re.siduo baked for an hour on the hot plate. 
To the flask 30 cc. of strong hyilrochloric acid are added, and the evaporation 
and baking are repeated. After solution of the iron in another 30 cc. of strong 
hydrochloric acid and evaporation to, a simpy consistency, 2 to 4 cc. of the 
same acid are added, followed by 30 to 40 cc. of hot water. The solution is then 
filtered and the residue washed with hot water. The sulphur is pre(;ipitated 
in the cold filtrate (about 100 cc.) with 10 cc. of a 10^^ solution of barium 
chloride. After forty-eight hours the precipitate is collected on a paper filter, 
washed first with hot water (containing 10 cc. of concentrated hydrochloric acid 
and 1 gram of barium chloride to the liter) until free from iron and then with 
hot water till free from chloride; or, first with cold water, then with 25 cc. 
of water containing 2 cc. of concentrated hydrochloric acid to the liter. The 
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washings arc kt^pt soparatt! from the main filtrate and are evaporated to recover 
dissolved hurhim sulpliate. 

Willi ii’ons the pajier conlaining the insoluble residue above mentioned is 
put into a ])l;il ilium crucible, covered with-sodium carbonate free from sulphur, 
iiiul charn'd without allowing the carbonate to melt. The crucible should 
be covered during this oiM'rntion. Sodium nitrate is then mixed in aiul the 
mass fused with the cover off. -\n alcohol flame is used throughout. The melt 
is dissolved in wafer and evaporated with hj'drochloric acid in excess to drjmess 
in porcelain. 'I'lie evaporation with water and hydrochloric acid is repeated 
to insun* removal of nitrates. 'I'lie 'esidue is extracted with a few drops of 
hydrochloric acid and water, th<! insoluble matter is filtered off, and barium 
chloride is added to the filtrate, d’he barium sulphate obtained is added to 
the main ])ortion. 

('arel'ul blanks are run with all veagtmts. 


Specifications for Sulphur in Iron and Steel 

Mafrial. Spi-iifications, 

pt'r cunt. 

Scvimloss hoilor hilx's must be below O.O.'S 


( VlindiT iron. 

l<'or ji:(‘(l Jirid rollt^d sforl wheels 

Hte<'l blooms for for^iri^s, basic and aeid open hearth. 

Ihilt stt‘(‘l 

Spring ste(»I 

(hank axh's 

hhreslec'l 

Castillos 

H<»il(‘r rivets 

I‘'loor-^rad(‘ iron 

Ih)il(*r plat(»s 

Kin‘-box plates 

ATiioiiiit d(»sired in spring steel 

Alack bar iron 


0.05 

0.05 

0.05 

0.05 

0-05 

0.05 

0.05 

0 m 

0.04 
0.04 
0.035 
0.035 
0.030 
0 02 


Determination of Silicon 

One gram of ])ig iron, east iron, and high silicon iron, or 5 grants of steel, 
wrought iron, and low silicon iron are taken for analysis, (lly taking multiples 
of the factor wi'ight ().4(»9.'}, »Si02 to Si, the final calculation is simplified.) The 
samijlc is jdaced in a 2.’)()-ec. hoakcr and 20 to 50 cc. of dilute nitric acid added. 
If the action is violent, cooling the beaker in water is advisable. When the 
reaction subsides, 20 ce. of dilute sulphuric acid, 1:1, are added, the mixture 
]>laced on the hot plate and evatjorated to dense white fumes. The residue 
is taken up with 150 ce. of water containing 2 to 5 cc. of sulphuric acid and 
licatod until the iron cotnpletely dissolves. 

The sohition is filtered and the silica residue washed first with hot dilute 
hydrochloric acid, sp.gr. 1.1, and then with hot water added in small portions 
to remove the iron sulphate. The residue is now ignited and weighed as silica. 

Notb. If the ash is colored by iron oxide, silica is detomined by difference, 
after exjielling the silica by adding 4 to 5 cc. of hydrofluoric acid and a lew drofis of 
sulphuric, taking to dryness and i^iiing he esidue. 

The following acid mixtures are recommended >y the U. P. Ry. For steel, wrought 
iron and low silicon iron, 8 parts by volume of HNOi, sp.gr. 1.42; 4 parts of cone. 
HjS 04 , sp.gr. 1.84; 6 parts llCl, sp.gr. 1.2 and 15 parts oy volume of water. For 
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dissolving pig iron, cast iron and high silicon iron, a mixture of 8 parts by volume 
of strong nitric acid and 5 parts of strong sulphuric acid, diluted with 17 volumes of 
water is used. 


Rapid Method for Detennining Silicon in Foundry Work. Liquid iron, 
dropped into cold water from a ladle 3 ft. above the water, will form shot shaped 
according to forms resulting from its chemical constitution, silicon being an 
important factor. Hound shot, concave upjM'r surface, I to I in. in diameter, 
indicate over 2% silicon. Flat, or irrtjgular sluit indicate low’ silicon. Shot with 
elongated tails indicate verj’ low silicon. 


Method of the U. S. Bureau of Standards for Silicon 

The insoluble residue ol)taincd in preparing the iron or steel for the gravi- 
metric sulphur determination is filtered olT, ignited in platinum, and W’eighed. 
Evaporation with a little hydrofluoric acid and 1 dro[) of sidphuric acid and 
subsequent ignition gives bj' the loss of W'cight silica corresponding to the 
silicon of the sample. 


Specifications for Silicon in Iron and Steel 


Material. 

Boiler and fire-box plates. . . . 

Floor-grade ])ig iron 

Cylinder-grade pig iron 

Forgctl and rolled steel wheels. 

Spring steel 

Tire steel 


Amount of Silicon, per cent, 
.not over 0.03 

2.25-2.76 

1.25-1.60 

not over 0 . 20 

not over 0.2.5 (0.15 desired) 
under 0 . 25 
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Pb» at.wt, sp.gr. 11.34; m.p. 337°; h.p. 1535° C; oxides, PbO, 

PbOa, Pb3()4. 

DETECTION 

Hydrochloric acid im^npitatcs lead iticonipletely from its cold solution as 
white PbC'U, soluble in hot wat(!r by which means it is separated from mercurous 
chloride and silver chloride. PbCb fonns iieedle-liko crystals upon cooling the 
extract. 

Hydrogen sulphide precipitates black Pl)S from slightly acid solutions along 
with the other elements of the group.* Yellow ammonium sulphide, sodiun* 
sulphide and the fixed alkalies dissolve out arsenic, antimony and tin. The 
sulphide of lead, together with bismuth, copper and cadmium, dissolve in hot 
dilute nitric acid, leaving mercuric sulphide insoluble. The extract evaporated 
to drync.ss and then to 80] fumes, after addition of sulphuric acid, expels nitric 
acid. Upon adding water to the residue and boiling with a little additional 
sulphuric acid the sulphates of bismuth, copper and cadmium are dissolved out, 
lead sulphate remaining as a white residue. 

Lead may be further confirmed by dissolving the sulphate in ammonium 
acetate (barium suli)hate is very slighPy soluble,) and pnjoipitating the yellow 
chromate, PbC’rO], by addition of iwtjvssium dichromate solution. 

ESTIMATION 

The determination of lead is required in valuation of its ores — galena, 
Pb8; {inglesite PhSO^; cerussite, PbCX)s; krokoite, PbCrO]; pyromorphite, 
SPbjPsOg'Pbdj. It is determined in lead mattes; certain slags; drosses from 
hard load; cupel bottoms; skimmings; lead insecticides (arsenate of lead); 
paint pigments such as white lead, nnl load, yellow and red oliromates, etc. 
It is determined in alloys such as solder, type metal, bell metal, etc. The esti- 
mation is necessary in the complete analysis of a large number of ores, especially 
in minerals of antimony and arsenic. Traces of lead are determined in certain 
food products where its presence is undesirable. 

Preparation and Solution of the Sample 

In dissolving lead, its alloys, or ores the following facts will be recalled. 
Hot, dilute nitric acid is the best solvent of the metal. Lead nitrate is insol- 

* Load preci|)itates best from solutions containing 1 cc. of concentrated free hydro- 
chloric acid (sp.gr. 1.19) for each 100 cc. of solution. The sulphide is appreciably 
soluble h the acidity is increased to 3 cc. HCl per 100 of solution. 

233 
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ublo in concentrated nitric acid, but dissolves reatlily upon dilution with water. 
Tlio metal is insoluble in diluto sulphuric aciil, but dissolves in the hot, concen- 
trated acid. Although not soluble in dilute hydrochloric, it dissolves in the 
hot, concentrated acid, esiiccially in presence of the halogtais cihlorine, bromine 
and io{line. 'Tho metal is soluble in glacial acetic acid. The salts arc solubh? in 
liot, ililute nitric acid. In dissolving suli>hi<le ores it should be kejjt in mind that 
strong nitric acid will fonn some lead sulphates which will 1)0 precipitated upon 
dilution of the solution. Oxidation is less apt to occur with the dilute aciil. 
Silicatiss and slags reejuire fusion with sotlium carbonate and potassium <*ar- 
bonate. The cooled mass may then be extracted with hot water to remove silica 
and the residue containing the carbonates of the heai'y metals dissolved in 
dilute nitric acid. Lead salts are soluble in ammonium acccate. 

Ores, Minerals of Lead, etc. One gram of ore if ri(‘h in lead (giilena), 
or more if the lead content is low, is jdaced in a platinum dish and 40 to 50 cc. 
of a mixture of one ])art concentrated sulphuric acid (sp.gr. 1.84) and three parts 
of concentrateil nitric a<-id (sp.gr. 1.12) addeil. Tho covered dish is heated 
gently until the violent action has ceased, the cover is then rinsed off and 10 
to 15 ce. of hydroflu(»ric acid, HF, added. 'I’he mixture is eva])orated to SOj 
fumes (hood), lint not to dryness, and cooled. 'I’he concentrate is diluted wdth 100 
cc. of distilled water and digested on the steam bath until the salts are in solution. 
The insoluble lead .sulphate is iilteml and washed with lOVr sul 2 )huric acid solu- 
tion and fiimlly with 50^/ 1 , alcohol. 

It may be advisable, in certain cases, to o]M;n up the ore with nitric acid 
or aqua regia, followed by sulphuric acid an<l hydrofluoric acid. 

Iron Pyrites and Ores with Large Amounts of Impurities with Small 
Amounts of Lead. 'Pen gi'ams of the sam])Ie or more, if lead is present in 
very small amounts (less than 0.1 ‘/^), are tak«*n for analysis, and 50 cc. of a 
mi.xture of i)o(assium bromidts and bromine solution adthxl (75 gmius of Kllr 
dissolved in 400 cc. of wa1<T ami 50 cc. of bromine addixl). After ten to 
liftixm minutes about 50 cc. of concentnited nitric acid are added and after tluj 
violent reacthm has ceased 2.5 to ,‘{0 cc. of concentrateil hydrochloric acid anil the 
solution is evai)orated on the hot i)lato ti> near ilryno.sa. Fifty ce. of C!.F. (lead 
free) concentrated snljihuric acid is now aililed and the sam])lc taken to fumes 
of HOx on a sand bath, .\ftcr cooling, the concentrate is diluted to .500 o •. 
with water, alxmt. 5 cc. of strong suliflniric acid added, the solution heated to 
boiling anil cooled. 'Phe preciirttate is filtered by ili'cantation onto a fine-grtiined 
filter (ipiality of an S. & S. .500 or H. & A. grade A), the residue boiled with more 
water containing lIjSO^ and ag:iin decanted. 'Phis is repeated until all the iron 
sulphate is removed. (The filtrates shoulil be kejrt several hours to see whether 
any of the lead has pas.sed through thi; paix’r iji a colloidal eondition.) 'J’he 
precipitate is finally poureil on the filter and washed with 2% 1 I 2 S 04 . Impme 
residues arc extracted for lead with ammonium acetate. 

Solution of Lead Alloys. As a rule these are best decomposed by treating 
0..5 to 1 .0 gram of the material, or more as the case nnxy require, with a hot 
solution of nitric acid, 1:1, and evaporating the solution to low bulk, but not 
to dryness. Hot water is now atldeil anil the material boiled and the soluble 
portion filtered off. The insoluble nmterial is digested with concentrated hydro- 
chloric acid to which a little bromine has been adiled. lloiling the mixture 
will generally effect solution. (It must be remembered that lead chloride is 
difficultly soluble in cold dilute solutions.) The lead is converted to PbS 04 
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by addition of sulphuric acid and taking; to SO* fumes as in case of ores. The 
purification of the impure sulphate will he given later. 

I.ead may ho precipitated as the clilt)ridc in the presence of a large excess of 
ahsolute alcohol and filtered free pnictically ‘^rom impurities. 

Hrass and bronze may he di.s.solved in hot dilute nitric acid, 1:1. Bearing 
metal is best treated with a mixture of hj'drochloric acid parts and nitric acid 
1 i)art. 


SEPARATIONS 

Separation of Lead as Sulphate. I^ead is most frequently separated from 
other metals by precipi ation as sulphate, PbSth, according to the details given 
under “ Pn'paration and Solution of the Sample.” In the presence of much bis- 
muth or iron it is neces.sary to wash the precij)i1a1<? vith a 10% sulphuric acid 
solution to ke j} the bismuth in solution and to prevent the formation of the dif- 
ficultly soluble basic ferric sulphate. In ahsciu-e of appreciable amounts of 
these elements the lead sul|)hate is inon; comjdc'tely separated by adding to the 
dilute suli)huric acid solution an ctpial volume of alcohol, filtering and washing the 
residue with 50% alcohol. 

Separation of Lead from Barium. In the analysis of minerals containing 
barium, the insoluble sulphate, BaSth, will be jjrecipitated \\ith lead. Since 
barium suljdiate is slightly soluble in ammonium acetate it vill contaminate the 
Iciid ill the suliseciuent extraction by this reagent. 'I'he presence, how'ever, of a 
little sulphuric acid, renders this solubility practically neglig ble. The sulphuric 
acid should not e.xceed 1 2'^',', in the ammonium acetate reagent as lead sulphate 
will pri'cipitate if suflicient suljihurie acid is added to the acetate extract, (l^ead 
sulphate is jirecipitated almost co ; j)letc*ly if the acetate solution contains 10% 
sul])huric acid.) 

Lead may be sejiarated from barium sulphate by digesting the mixed sulphates 
with ammonium carbonate solution, whereby t he lead suli>hate is t ransjMispd to leiid 
carbonate and ammonium sulphati*, while barium sul]>hato is not changed. The 
soluble ammonium sulphate may bo w’jushed (<ut with ammonium solution followed 
by water. Since l(*ad carbonate is s ightly soluble in the ammonium salt, the 
filtrate is treated with hydrogen sidjihide and the dis.solved lead recovered as 
PbS. 'riie rcsulue containing lead carbonate and barium sulphate is treated with 
dilutti nitric or acetic acid. I.ead i)!is.ses into solution, W'hile barium sulphate 
remains insoluble. 

Extraction of Lead from the Impure Sulphate by Ammonium Acetate. The 
filter containing the impure sulphate, obtained by one of the procedures for 
solution of the sample, is placed in a casserole and extracted with about 50 cc. 
of hot, slightly ammoniacal ammonium acetate, the stronger the acetate the 
better. The clear litpiid is decanted through a filter and the extraction repeated 
until the rcisidiU! is fnie from lead (i.e., no tcist is obtained for lt!a<l with 
Ki(’r*(h). A verj'^ effective nujthod of extraction is by adding solid ammonium 
acetate directly to the sample on a filter and pouring over it a hot solution of 
ammonium acetate. The filf rate containing the pure lead acetate solution may 
now be examined by on(5 of the following procedures. 

Lead sulphate containing arsenic shoiild be dissolved in ammonium acetate, 
the extract made alkaline and lead precipitated as PbS. Arsenic remains in solu- 
tion. 
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The isolation of minute ouantities of lead from lar^c amounfs of other sub- 
stances is descriljcd under “CJravimetric Methods for Traces of JiCad.” 


QRAVIMETRIC METHODS 

Determination of Lead as the Sulphate, PbS04 

Procedure. The sample having been dissolved according to a method out- 
lined, the lead precipitated as PbSO, by addition of an excess of sulphuric acid, and 
taking to SO, fumes, the lead sulphate is filtered off, upon cooling and diluting 
the sample. The PbSO, is washed with water containing 10 % H 2 SO 4 until free 
from soluble impiirities. If insoluble sulphates or silica are present the lead must 
be purified. If such impurities arc known to be absent (alloys), the sulphate 
may be filtered directly onto an asbestos mat in a tared Gooch crucible, dried, 
then ignited to dull red heat, cooled and finally weighed as PbSO,. In the analysis 
of ores, however, it is generally advisable to purify the sulphate. 

Purification of Lead Sulphate. Details of the procedure have been given 
under Separations — Extraction of licad from the Impure Sulphate. The lead 
sulphate having been brought into solution by extraction with strong ammonium 
acetate solution, the excess acetic acid is volatilized by evaporation, the residue 
cooled and diluted with water. An excess of sulphuric acid is added and the 
precipitated sulphate is filtered oil, washed with dilute sulphuric acid and 
alcohol, dried at about 110 “ (’., or if preferred by ignition at dull red heat, and 
weighed. 

PbS() 4 X 0 . 6 S:il =Pb. Pb multiplMMl by 1(X) and divided by weight of sample 
taken e<iua!s per cent. 

Notks. I.ead sulphate may bo jirccipitated from ammonium acetate solution 
by ad<liiig sulphuric acid until the solution contains aj)proxr nately 10% II2SO4. 

An acetate extraction may not be nccesssiry, as is gtuienilly the case in the analysis 
of alloys. In analysis oi' ores, however, Pb»S ()4 may be contaminated by sulphates of 
the alkaline earths and by siliea. The difficultly soluble oxides of iron and alumina 
may also bo present. 

If arsenic is in the suljjhuto it will ])a.ss into the filtrate with the Ie.ad. 


Determination of Lead as the Chromate, PbCrOi 

This excellent method is ayjplieable to a largo class of materials and is of 
sjieeial value in precipitation of loa<l from an acetic acid solution, the method 
depending upon tlio insolubilit}' of load chromate in weak acetic acid. 

Procedure. The solution of the sample, precipitation of the lead as the 
sulphjite and extraction of load witli ammonium acetate have been given in detail. 

The filtrate', containing all the lead in solution as the acetate, is acidified 
slightly witli ac(?tic acid arul hoatofl to boiling. Leail is precijjitatod by addition 
of pota.ssium dichromatc solution in excess (10 cc. of 5% KaCr^O, solution arc gen- 
erally sufficient). The sf)Iution is b. died until the yellow precipitate turns to a 
shade of orange or red.* The precipitate is allowed to settle until the super- 
natant solution is clear. (This should appear yellow with the excess of dichromatc 
reagent.) The PbfXI, is filtered onto an aslxistos mat in a tared Gooch cru- 

* The yellow precipitate gives high results, sitic’C it is difficult to wash. The crys- 
talline orange or red compound may )>c quickly filtered and washed. 
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ciblc, washed with water, dried in an oven at about 110® C. and the cooled 
compound weighed as PbCrOi, 


PbCr04X0.641 =Pb. ^ ^ i ~ Pb- 

Wt. of sample 

Notes. Impurities, such as iron, copper, cadmium, etc., in the acetate solution of 
lead seriously interfere in the chremato precipitation. ITiese should be leached out 
with water containing a little sulphuric acid before extracting the lead sulphate with 
ammonium acetate. See remarks under section on Traces of Lead. 

If a standard solution of potassium dichromate is used in the precipitation 
of lead the excess of the reagent, upon filtering of the precipitate, may be titrated 
and the lead determined volumetrically. A known amount of dichromate solution 
(added from a burette) sufficient to precipitate all the lead and about one-third of the 
volume in excess is added to the hot solution. After boiling about two minutes the 
precipitate is filtered off quickly and washed several times with hot water. The 
filtrate, or an aliquot part of it, is made acid with 5 co. concentrated sulphuric acid 
and titrated with standard ferrous sulphate at about 60** C., using potassium ferri- 
cyanidc as an outside indicator; the end-point is a blue color produced by the slight 
cvcess of the ferrous salt reacting with the indicator. The excess of dichro nate may 
be detenninod by adding 3 to 4 grams of solid potassium iodide, Kl, to the solution 
diluted to about .'iOO cn. with water to whicli 15 cc. of concentrated sulphuric acid 
has been added. The liberated iodine is titrated with standard thiosulphate, the 
end-point being colorless, with standi solution internal indicator, changing from 
blue. Hi, Sb, lia, Kr and Ca interfere slightly. 

One cc. N/10 KjCrjOr =0.010355 gram Pb. One cc. N/5 KjCrjOr = 0.02071 gram Pb. 


Determination of Lead as the Molybdate, PbMo 04 

This method is rapid and has the following advantages: 

a. The sulphation of lead i.s avoided, b. The acetate extraction is elimi- 
nated. c. The precipitate may be ignited, d. The ratio of lead to its molybdate 
(!o.npound is greater than either lead to l^bSO, or to PbCr 04 , lessening the chance 
of error through weighing. 

Cobalt, cahiium, strontium and barium have little effect in presence of 
ammonium acetate. In alxsence of this salt they interfere slightly. 

Procedure. The ore or alloy is decomposed with nitric acid or aiiua regia 
as the ca.se may require. (Sili<!a if present is eliminated bj’’ taking to dryness, 
dehydrating, taking up with dilute nitric acid and filtering.) To the clear litiuid 
ammonium chloride is a<lded ami then sufficient ammonium oxalate to destroy 
the excess of free nitric acid. 

Lead is now precipitated by adding 20 to 30 cc. of ammonium molybdate 
(4 grams i)or liter+acetic acid) stirring the mixture during the addition. After 
boiling for two or three minutes the iirecdpitated lead molybdate is allowed to 
settle, then filtered through pulp, washed with small portions of hot water and 
ignited over a Hun.sen burner. 

The cooled residue is weighed as I’bMoO,. 

PbMo()4X0.5G42=Pb. 

Notes. If antimony or other members of the group are i>resent in the origin il 
sample it is advisable to dissolve the residue in HCl and reprecipitate the lead witli 
molybdate; n;ageut. 

if lead is in the fonn of the sulphide, as may be the ca.se in a complete analysis 
of a substance, it is decomposed with hot dilute llNOj and precipitated as PbMo(34, 
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Electrolytic Determination of Lead as the Peroxide, Pb02 

An electric current passed through a solution of lead containing sufficient 
free nitric acid will deposit all the lead on the anode as lead peroxide. The method 
is excellent for analysis of lead alloys. 

Procedure. The sample containing not over 0.5 gram lead is brouglit into 
solution by heating with dilute nitric acid, 1:1. The solution is washed into 
a largo platinum dish with unpolished inner surface. Twenty to 25 cc. concen- 
trated nitric acid (sp.gr. 1.4) arc added and the solution diluted to about 150 cc. 

The sample is electrolyzed in the cold with 0.5 to 1 ampere current and 2 to 
2.5 volts, the platinum dish forming the anode of the circuit, a spinil platinum 
wire or a platimim crucible dipped into the solution being the catliode. 'riireo 
hours are generally sufficient for the deposition of 0.5 gram Pb. Ov'C'might 
is advisable, a current of 0.05 ampere being used. 

A rapid deposition of the leail may lie obtaint«l by heating the solution to 
00 to 05® C. and electrolyzing with a eurnmt Nl)ioo'-l-5 to 1.7 amperes, the 
E.M.F. varying within wide limits. Stirring the solution with a rotating cathode 
aitls in the rapid tleposition of the PbOj. 

To ascertain whether all the loa<l has been removed from the soluti<in, mom 
water is added so as to cover a fresh portion of the tlish with water. The elec- 
trolysis is complete if no fresh deposition of the pcroxiile takt's place after half 
an hour. 

The water is siphr)nod off while mom wat<'r is being added until the acid is 
removed, the current is then brokem, th<! dish emptied of watcjr and the <leposits 
dried at 180® C. and weighed as PbO,. 

'I'he deposit of lead peroxide gently ignited forms lead oxide, PbO, a ))ro- 
cedure recommeiuled by \V. C. May,^ conlirmed by Trea<lwell and Hall as 
giving more accurate rcsidts than the peroxide, I’bOj. 

PI )( >2 X 0.8002= PI). 

PbO X0.92S3 =Pb. 

Note. The deposits of load oxide or j>eroxiile niay he removed by dLssolviiii' off 
with wann dilute nilrie acid. 

For volumetric prooedur e-titration of the peroxide PbO, see page 210. 


VOLUMETRIC METHODS 

Volumetric Ferrocyanidc Method for the Determination of Lead 

Although the gravimetric methods for the determination of lead are con- 
sidered the more accurate, yest the volumetric proctslures iiuiy be frequently uscul 
with advantage. The ferroci'anido method hits been pronounced by Irving ( J. 
Hull * to Ixj the best of the procedures in common use, the results being aecairate. 

Procedure. Tjead sulphate is obtained according to the method outlined 
under Prepsvration and Solution of the Sa’uph^ The lead sulphate is transferreil 
to a small beaker and gently boiled with 10 to 15 cc. of a saturated solution of 
ammonium carbonate, the liiiuid having been added cold and brought up to 

* Am. .Tour. Sci. :ie<l .\rls (.3) 0, 255. 

U;. N., 2255, 87, 1!H)3. 
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boiling. After cooling, the precipitate is filtered onto the original filter paper 
from which the lead sulphate was removed. The lead carbonate is washed free 
of alkali with cold water. The filter with the precipitate is dropped into a flask 
containing a hot mixture of 5 cc. of glacial acetic acid with 25 he. of water. 
The lead carbonate is decomposed by boiling and the solution diluted to ISO cc. 

Titration. The sample warmed to 60" C. is titrated with a standard solu- 
tion of potassium ferrocyanide, using a saturated solution of uranium acetate, 
as an outside indicator. The excess of ferrocyanide produces a brown color with 
the uranium acetate drop on the tile. 

Free ammonia must bo absent, as it reacts with uranium acetate and gives 
low riisults. NH4OH precipitates roddisli ])rown, gelatinous uranous hydroxide, 
U(OII) 4 . 

The bulk of solution to bo ti<,rate;l should bo as near as possible to 100 cc., 
including 10 cc. of 50% acetic acid. 

One per cent potassium ferrocyanide reagent is used in the titration. This 
reagent is standardized against a known amount of lead in solution as an acetate. 

A correcition of 0.8 cc. is generally necessarj' on accemnt of the indicator. 
This is determined by a blank titration. 

Antimony, bismuth, barium, strontium and calcium interfere only to a very 
slight extent, the error being negligible. 

Volumetric Determination of Lead by the Molybdate Method ^ 

I/cad is i)rccii)itatcd as molybdate from an acidic acid soluf.ion by a standard 
molybdic solution, tlie termination of the reaction bidng recognized by the 
yellow color jiroduced In' the exci'ss of molybdic reagent when a drop of the 
mixture comes in coiitact with a drop of tannin solution used as an outside 
indic.ator. 

Special Reagents Required. Ammonium Molybdate Reagent. 4.75 grams 
of the salt am dissolved in water and made up to 1 liter. One cc. with a half 
gram sample is oiiual ai)})roximately to I'X Fb. 

Standardization of Ammonium Molybdate Reagent. gram pure 

lead .sulphate, FbS 04 , e(|uivalent to 0.2 gram I’b, is dissolved in .50 cc. of a sat- 
urated .solution of .ammonium acetate, a piece of litmus pai)er is thrown in and 
a few dro])s of acetic acid added to .acid reaction. I'lie solution is m.ado up to 
200 cc. and is titrated as directed below in the procedure for le.ad. 

0.2 

The lead v.alue ])(*r cc. = — : r — ; gr.am Pb. 

cc. reagent required 

XoTK. Tn place of PbSOi pure le.ad foil may be taken. 0.2 gram of the foil <li.s- 
solved in 10-15 cc. liot nitric acid 1 : 1 .and converted to the sid])hute by taking to 
fumes with 20 cc. 1 : 1 IhSth. 

Tannin Indicator, Freshly prepared tannin .solution containing 0.1 gram 
tannin per 20 cc. of water. 

Procedure. 0.5 gram of the ore is tlis.solved by gently he.ating with 10 cc. of 
strong hyflrochloric .aciil followed by 5 cc. of nitric acid and ailditional hydro- 
chloric acid if neces.sary. Five to 10 cc. of concentrated .sulphuric acid are added 
and the solution evaporated to SO 3 fumes over a free flame. About 25 cc. of 

* Method of D. H. H. Alexander, modified by Tx)w. 
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water are added to the cooled solution and the liquid boiled for ten to fifteen 
minutes to dissolve the anhydrous ferric sulphate that may be present. 

Upon cooling, the precipitated PbS 04 with any impurities it may contain 
(SiOj, CaSOi, BaSOi, etc.) is filtered off and washed with cold dilute sulphuric 
acid (1 : 10). 

Purification of the Lead Precipitate, in Presence of Calcium, Iron, etc. 

The precipitate is rinsed into the original flask and about 5 grams of pure 
ammonium chloride and 1 cc. of concentrated hydrochloric acid added. The 
solution with the precipitates is boiled until only the silica remains undissolved. 
The free acid is just neutralized with ammonia and the lead precipitated as 
PbS by addition of ammonium sulphide. The precipitate is filtered and washed 
f^ of calcium. If iron is present it must be removed by rcdissolving the pre- 
cipitate in 5 cc. of dilute sulphuric acid and again precipitiiting the lead as PbS 
by addition <)f sufficient hydrogen sulphide water or passing the gas into the 
acid solution. The lead sulphide is noAv decomposed by boiling with 6 cc. of 
concentrated hydrochloric acid for s(weml minutes and then adding 3 or 4 drops 
of nitric acid to remove the last traces of ILS. 

The frt^ acid in the solution is neutralized with ammonium hydroxide 
(litmus indicator), and then made slightly acid by addition of glacial acetic acid. 
The mixture is diluted to 200 cc. with hot water. 

Titration. To about two-thirds of the sample, the standard-ammonium 
molybdate is added from a burette until a drop of the solution, brought into 
contact with a drop of the tannin indicator upon a white porcelain tile or par- 
affined paper, gives a brown or yellow color. Some more of the lead solution is 
added to this titrated sample and the operation is repeated. Hy keeping a por- 
tion of the sample in reserve it is possible to obtain the exact end-point and avoid 
overrunning, as would be apt to occur if the entire sample were taken at one 
time. 

Cc. molybdate reagent multiplied by value in terms of Pb divided by wt. of 
sample =Pb. 

Blank. Deduction of 0.7 to 1 cc. is frequently necessary. The exact amount 
may be determined by taking the same amount of reagents as are present in 
the sample, without the lead, and titrating with ammonium molybdate, as above, 
on a boiled sample. * ’ 

Interferences: Antimony, bismutli, bariiim, strontium a:id calcium have a 
slight effect on the results. 

The lead is obtained in solution in a comparatively pure form by extraction 
of the sulphate with ammonium acetate. The more tedious method of isolation 
as directed in the procedure may not be necessarj'. 

Reduction and Titration of Lead Peroxide Deposited Electrolytically 

denasition of lead as the peroxide, PbO,, ha.s l)een given on page 
2.38. to avoid error that may ri*sult from imperfect drying, a volumetric iirocedurc is 
suggested. The peroxide is dissolved from the electrode with a hot mixture of 26 cc 
N/.'j qx^ic acid and 10 cc. nitric acid (sp.gr. 1.2). The excess of oxalic acid is titrated 
hot with N/IO potassium permanganate. 

1 cc. N/5 oxalic acid is ciiuivalent to 0.02071 gram lead. 
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DETERMINATION OF SMALL AMOUNTS OF LEAD 

The determination of minute quantities of lead is required in baking powders 
canned goods and like products in which small amounts of lead are objection- 
able. Traces of lead ranging from 5 to 100 parts per million (0.0005 to 0.01% Pb) 
are best determined colorimetrically on 0.5 to 1 gram samples; larger amounts 
of lead should be determined gravimetrically. 

Gravimetric Methods for Determining Traces of Lead 

The determination of extremely small amounts of lead caimot be accom- 
plished by the usual methods of precipitation, as the lead compounds remain in 
solution in a colloidal state. The addition, however, of certain substances, 
which fomx amorphous precipitates with the reagents used for throwing out lead 
causes tiie removal of lead fn>m the solution by occlusion. For example, the 
addition of a sufficient quantity of a soluble salt of mercury, copper, or arsenic 
to a solution containing a trace of lead, and then saturating the solution with 
HaS, will cause the complete removal of lead from the solution. Iron and 
alumina thrown out of the solution as hydroxides will carry down small amounts 
of lead, and completely remove it from the solution, if they are present in 
sufficient quantity. liOad may be extractetl from finely pulverized substances 
l)y means of hot ammonium acetate and ])recipitated from the extract as lead 
sulphide. Advantage may be taken of these facts in determining traces of 
lead in prestaico of largo amounts of other substances. 

Amount of the Sample. Tt is a<lvisable to have the final isolated lead 
compound over 0.01 gram in weight, hence, in a sample containing 10 parts of 
lead per million, SOO to 1000 grams of the material should bo taken, since a kilo- 
gram of the material would contain 0.01 gram, IM) or 0.015G gram PbCr 04 , 
or 0.014«i4 gram Pb.S() 4 , or 0.0177+ gram l*b]VIo 04 . Largo samples should be 
divided into sevtiral portions of KX) to 2o0 grams each, the lead isolated in each, 
and the final extracts, containing tlvc lead, convbine«l. For the given amount of 
occluding agent, stated in the procedure, the treated portion should contain not 
over 0.01 gram lead. 

I. — Extraction of Lead with Ammonium Acetate and 
Subsequent Precipitation 

It is frequently desirabhi to extract the lead from the mass of material and 
precipitate it from the litjuor thus obtained. The procedure worke<l out by the 
W'riter is applicable to determining traces of lead in aluminum salts, but with 
modifi<‘ations may bo applietl to a wide range of substances. 

Extraction of Lead. I’lio desired weight of finely powderetl substance, in 100- 
gram portions, is placed in (i-incli jjorcelain < ji.s.sorf)les (1000 cc. capacity), ^'o each 
portion are added, with vigorous stirring, 500 cc. of lead-free, boiling lu)t : mm >- 
nium acetate solution (34%).^ The reaction is apt to be energetic, so that 

^The re.agcnt must bo boiling, when added, to obtiiin best results. IOxiK*rimcnts 
hive shown that considenablo aluinin.a and iron tllssolvcif the proix)rtion of the reagent 
falls much below 6 cc. of 33% aci'tafe per gr:im of sample. With twi(*c this amount of 
reagent the extract is free from iron and aluiiiiiiu. Small amounts of alumina and iron, 
however, do not interfere In the lead determination. 
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care must bo exercised to avoid boiling; over. The residue from aluminum salts 
is crystalline and may be separated from the extract very readily by fil'ering 
through two filter papers in a largo fiuchnor funnel and applying sue ion.' 
The residue is tamped down tr) squeeze out the adhering extract and washe I 
with 100 cc. more of hot ammonium acetate followed by 100 to 200 C(!, of hot 
water, again tamjjed down and sucked as dry as possible. The lead extracts 
are now combined and lead precipitatefl as sulphide. 

T he reagent is mide by dissolving cue i)art ( f lead-free ammonium acetate 
in two pirts rf di& tilled water. The purity of the reagent should be tested. 

Precipitation of Small Amounts of Lead. To the solution containing lead is 
added 2-3 cc. of a 10% copper sulphate or cadmium sulphate reagent. Hydrogen 
sulphide is passed into the liquor until it is saturated. The coppe * or cadmium sul- 
phide assists the settling of lead sulphide. Gently warming on the steam bath for 
half an hour coagulates the precipitate and facilitates settling. The liquor is 
decanted through a double filter in a small Buchner funnel and tlic rasidue washed 
onto the filter with water saturated with gas. 

The precipitate is wa.shed several times with ammonium sulphide to remove 
sulphides of 1 he arsenic group and the residue then dissolved in a hot mixture of 
hydrochloric and nitric acids ( I part HCl, 5 parts HNOs and 15 parts H 2 O). Ten cc. 
of strong sulphuric acid are added to the solut'on, and the mixture is evaporated 
to SO 3 fumes hui n d to dryness. The residue is taken up with 100-125 cc. of water 
containing 2 cc. of sulphuric acid and boiled to dissolve the soluble salts of iron, 
alumina, copper, etc. After cooling, one-third the volume of 95% alcohol is 
added (30-40 cc.), the lead sulphate allowed to settle for an hour or more, then 
filtered and washed several times with 30% alcohol. The residue is extracted 
with hot ammonium acetate and lead chromate precipitated from the filtrate,* 
made slightly acid with acetic acid, by arlding 10 cc. of potassium dichromate 
ret^ent and boiling, according to the standard procedure. (Page 230.) 

PbCrO4X0.641 =Pb. 

II. — Precipitation of Lead by Occlusion with Iron Hydroxide 

Wilkie found * that ferric hydroxide has the property of occluding lead, fives 
parts of FefOII), removing one part of lead from solutwm. Advantage is taken 
of this projierty of iron hydroxide in precipitating small amounts of Icad.^ 

Procedure. The required amount of material is weighed out in 50-gram lots 
and brushed into No. S beakers. If the material contains organic matter, it is 
treated with 200-cc. portions of concentrated hydrochloric acid, the mixture heated 
just l)olow the boiling-point of HCl solution, and potassium chlorate addwl, a few 
crystals at a time, until the organic matter is decomposed (hood). If the material 
dissolves in water, the water solution is treated with 5 cc. of cotj''‘entratcd hydro- 
chloric acid and a few crystals of potassium chlorate and the liquor boiled. 

< 200 to .300 grams of material may be handled in a 6-inch Buchner funnel. 

* Should lead chromate fail to precipitate, the solution should he treated with 
TI^ to complete .satiirationj the sulphide collected on a filter, then di.ssolved in 
acid and the pmeedure described above repeated. If the solution still remains clear, 
the absence of lead is confirmed. 

» J. M. Wilkie G. N., 2.597, 117, 1909. 

* Occlusion of lead by zinc sulphide, precipitated by HgS from a formic acid solu- 
tioni is suggested; iron and alumina would not interfere. 
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Addition of Ferric Iron. If sufficient iron is not already present, ferric 
chloride is added in such quantity that the iron content of the sample will be from 
twenty to fifty times that of the lead (larger amounts of iron will do no harm) 
present in the solution. Five to 10 cc. of concentrated nitric acid are added 
and the sample boiled for tc'n to fifteen minutes. 

Precipitation of Iron and Lead. If alumina is present, iron is precipi- 
tated by addition of a largo excess of potassium hydroxide, the alumina going 
into solution as potassium aluminatc. In absence of alumina, ammonia may 
be used to precipitate the ferric hydroxide. I^d is completely occluded by the 
precipitate and carried down. The solution is filtered hot through Baker and 
Adamson’s fast filters, threefold. The filtering must be rapid and the liquid kept 
hot to prevent clogging of the filters. 

Separation of Lead from Iroru The precipitate is dissolved in hot hydro- 
chloric acid (free from lead). The solutions are combined, if several portions 
of the sample arc taken. Concentrated sulphuric acid is added and the sample 
evaporated to small volume and heated until the white sulphuric acid fumes 
appear. The usual procedure is now followed for separation of the lead sulphate, 
acetate extraction of lead and final precipitation of lead chromate. 

PbCrO4X0.641 =Pb. 

Notk. In place of using alcohol to decrease the solubility of lead sulphate, many 
prefer to add sulphuric acid so that the acidity of the solution will be 2-10% free 
HjSO,. 

III. Modification of Seeker-Clay ton Method for Traces of Lead 

in Baking Powder 

One hundred grams of baking jwwder are treated with 25 cc. of water followed 
by 75 cc. of strong hydrochloric acid added in small portions to avoid excess frothing. 
The mixture is heated until the starch has decomposed (iodine test gives blue color 
with starch), the solution becoming clear and turning yellow. The free acid is 
neutralized and when the solution is cold, 400 cc. of lead-free ammonium citrate, 
saturated with ILS, are added. Additional ILS is passed into the slightly alkaline 
solution, the sulphides of iron and lead allowed to settle, the clear supernatant 
liquor decanted off, the sulphides colIccte<l on a filter and washed. The precipitate 
is dissolved in nitric acid, lead separated as a sulphate, extracted with acetate and 
precipitated as dichromate according to the procedure recommended under the 
acetate extraction method I.* 


COLORIMETRIC ESTIMATION OF SMALL AMOUNTS 

OF LEAD 

Introduction. Estimation of small amounts of lead by the intensity of the 
brown coloration produced by the sulphiilc in colloidal solution wjis first proposed 
by Pelouze.* The procedure was modified by Warington * and by Wilkie * 

‘ »S<!e llcfcree’s modification Jour. Assoc. Off. Ag. Chemists, 1, 3, 512 (Nov., 1915.) 

* r. J. Pelouze, Ann. Chim. Phys., 8, 79-108, 1841. 

* II. Warington, Jour. f^)c. Chem. Ind., 12, 97, 1893. 

* J. M. Wilkie, Jour. Soc. Chem. Ind., 28, 636, 1909. 
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to overcome the color produced by accompanying impurities, among these, of 
iron, which is almost invariably associated with lead. The method is useful in 
determining traces of lead in drinking water, in food products, baking powders, 
canned goods, phosphates, alums, acids such as sulphuric, hydrochloric, citric, 
tartaric and the like. By this procedure on a gram sample one part of lead per 
million may be detected and as high as 50 parts may be estimated. For larger 
amounts of lead, a smaller sample must be taken. Nickel, arsenic, antimony, 
silver, zinc, tin, iron, and alumina, present in amounts such as commonly occur 
in these materials, do not interfere.^ 

In order to obtain accurate results it is necessary to liave the solutions under 
comparison possess the same general character. “It must bo remembered that 
the tint depends to a large extent on the size of the colloidal particles of lead, 
which in turn depend upon the nature of the salts in the solution and upon the 
way that the solution has been prepared.” * Vigorous agitatioT), salts of the 
alkalies and alkaline earths tend to coagulate the colloidal sulphide. 

Reagents Required. Standard Lead Solution. A convt'iiicnt solution 
may bo made by dissf)lving ().1<S31 gnain of lead acetate, Pb(CJl!t02)a*3H2() 
in KM) cc. c>f water, clearing any <doudincss with a few drops of acetic acid and 
diluting to 1000 ce. If 10 cc. of this solution is diluted to 1000 ce. each cc. 
will contain an eciuivalent of 0.0(M)001 gram Pb. 

Harcourt suggests a permanent standartl made by mixing ferric, copper and 
cobalt salts.* For example 12 grams of I'cC’lj together with S grams of CuCU 
and 4 grams of (’o(Nt).02 are dissolved in water, 400 cc. of hydro(;hloric aoi(l 
added and the solution <lihiteil to 4000 cc. li>0 cc. of this solution together 
with 115 cc. of hydrochloric acid (1 : 2) diluted to 20(K) cc. will give a 
shade comparable to that jiroduced by the standard lead solution above, when 
treated with the sulphide reagent. I’lie exact value per cc. may be obtained by 
comparison with the lead standard. 

Alkaline Tartrate Solution. Twenty-five graitis of C’.P. sodium potassium 
tartrate, NaKC4H40**41l20, is dissolved in .50 cc. of water. A little .ammonia is 
added and then sodium sulphide solution. After settling some time the reagent 
is filtered. The filtrate is acidified with hy<lrochloric aeicl, boiled free of Il 2 S and 
again made ammoniacal and diluted to 100 cc. 

Ammonium Citrate Solution. Ammonium citrate solution is j)repared in 
the same way as the tartrate solution above, 25 grams of the s.alt being <lissolved 
in 50 cc. of water. 

Potatmium Cyanide. Ten per cent solution. 'Flie salt should be lo.ad-frcc. 

Sodium Sulphide. Ten per cent solution, made from colorless crystals. 
Sodium sulphide may be made by saturating a strong solution of sodium hydroxide 
with hydrogen sulphide gas, and then adding an equal volume of the sodium 
hydroxide. The solution is diluted to required volume, allowed to stand several 
days, and filtered. 

Sodium metabisulphite. Solid salt of Na 2 S 2 ()s. * 

Apparatus. 1’he color comparison may be imule in Ne8.sler tiibes, or in a 
colorimeter. The t’nm]>bell and Hurley modification of the Kennieott-Sargciit 


> Ni u]i to 0.1%, A.S uj) to 0.2%, Zn 0.2%, .SI) O.O.^*:;,, C’n 0.2.5%, Fo 1.0';; 
Sn up to 1.4%. do not interfere?. 

* J. W. Mellor, “A 'I’reatise on Quantitative Inorganic Analy.sis.” 

* A. (1. V. Harcourt, .Tour. (^hem. .Soc.. 97, 841, 1000. 

* Recommended by W. S. Allen for reduction of iron. 
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colorimeter is excellent for this purpose,^ Fig. 43. The colorimeter is simple in 
construction and operation. 

The tubes for holding the solutions to be compared are those of one of the 
well-known colorimeters, in which the unknown solution is placed in the left-hand 
tube while the color is matched by 
raising or lowering the level of a 
standard solution in the right-hand 
tube by means of a glass plunger 
working in an attached reservoir. 

The accompanjdng diagram 
shows the essential featnres of con- 
struction of the colorimeter em- 
ployed in the tests described below. 

The unknown solution is placed in 
the left-hand tube A, which Ls 19 cm. 
long, 3 cm. in diameter, and gradu- 
ated for 15 cm. The standard solu- 
tion is placed in the right-hand 
tube Ji, which is the same size as 
A , the graduated portion being 
divided into 1(K) divisions of 1..5 mm. 
each. The tube It is permanently 
connected by a glass tube with the 
reservoir C in which the glass 
plunger D works, so that the hivel 
of the liquid in B can be readily 
controlled by raising or lowering tlu; 

])Iunger. As the tube B and reser- 
voir a are made in one piece, the 
li<{uid used for the stamlard solution 
comes in contact with glass only, 

Ihus preventing any possibility of 
chtanical chang(! due to conbict with the container. The ])hinger is provided 
with a rubber collar B, so placed as to prevent the plunger from .a(;cidentally 
striking and breaking the bottom of the re.ser\mir. The tubes A and B, with 
the connecting reservoir, rest on wooden suppf)rts, the one under A and B being 
provided with Imles for the passage of the light, and are held in position by 
spring clips F F. I'his arrangement allows the glass parts to be readily removed 
for cleaning and fillitig. The light for illuminating the solution is reflected 
upward through the tubes A and B by means of the adjustable mirror G. ^’he 
best results are obtained by facing the colorimeter toward a north window in order 
to get reflected skylight through the tubes, care being taken to avoid light rtiflected 
from adjacent objects. The black wooden back of the colorimeter serves the 
double purpose of a support for the parts of the instrument and of a screen, as 
it is interposed betwe<'n the color tubes and the source of light. 

Th(5 light, passing upward through the tubes A and B, impinges on the two 
mirrors II and I cemented to bniss plates sliding in grooves cut at an angle of 
4.5° in the sides of the wooden box ,/. This box is supplied with a loosely-fitting 
cover, thus allowing etisy access for the purix)se of removing and cleaning the 
* Jour. Am. Chem. Soc., 83, 1112, July, 1911. 
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mirrors. The niirror // is cut vertically and cemented in such a position as to 
reflect one-half of the circular field of Unlit coming through the tube A. The 
light passing upward through Ji is reflected horizontally by the mirror I , through 
a hole in the brass plate supporting the mirror U. One-half of the circular field 
of light from the tube li is cut olT by the mirror //, the vertical idge of which 
acts ns a dividing line botvveen the two halves of the circular field. The unage 
of one-half of the tube B is then observed in juxtaiM)sition to the opposite half 
of the image of the tul)e A. 

The juxtaposed images are observed through a tube K, 2.5 cm, in diameter 
and 16 cm. long, lined with black felt and provided with an eye-piece having a 
hole 1.5 mm. in diameter. At the point M in the tube K is placed a diaphragm 
having an aperture 8 mm. in diameter. All parts inside the box J except the 
mirrors arc painted black so that no light except that coming through the tubes 
A and^ B passes through the tube K. By having the apertures in the eye-piece 
and diaphragm properly proportioned only the image of the bottoms of the 
tubes A and B can be seen, thus preventing interference of light reflected from 
the vertical sides of the tubes A and B. 

A person looking through the eye-piece observes a single circular field divided 
yertic^ly by an almost imperceptible line when the two solutions are of the same 
intensity. By manipulating the plunger D, the level of the liciuid in B can be 
easily raised or lowered, thus causing the right half of the image to assume a 
darker or lighter shade at will. In matching colors with an ascending colunrn 
in B, that is, gradually deepening the color of the right half of the field, the 
usual tendency is to stop a little below the true reading while in a comparison 
with a descending column the opposite is the case. 

Procedure. If lead is between 10 to ,50 parts per million a 1-gram sample 
is taken. If it is above or below the.so extremes the amount of samiile is regu- 
lated accordingly. In materials containing organic matter it is not advisable 
to take more than a 1-gram sample. 

Substances containing organic matter, such as starch in baking powder, 
should be decomposed by fusion with sodium peroxide, sodium or potassium 
sulphate containing a few drops of sulphuric acid. A KjeUlalil digestion with 
concentrated sulphuric acid and potassium bisulphatc may occasionally be 
advisable. Sulphuric acid discolored by organic matter should be mi.xed with 
4 to 5 grams of potassium bisulphate, taken to fumes .and then diluted with 
water. The material may be extracted with ammoniim acetate and lead 
determined in the extract. See notes. 

To the solution containing the sample are added 10 cc. of tartrate solution 
(or 20 cc. of citrate solution with phosphates of lime, etc.), 10 cc. of hydrochloric 
aiid and the mixture brought to boiling. Small amounts of ferric iron are now 
reduced by adding 0.5 gram sodium mctabisulphite. Sufficient ammonium 
hydroxide is added to neutralize the free acid and 5 cc. in excess; then 3 cc. })otas- 
siurn cyanide (to repress any copper color that may be present to reduce higher 
oxides), and the mixture heated until the solution becomes colorless. The entire 
solution or an aliquot portion is placed in the comparison cjdindcr, and diluted 
to nearly 100 cc. If the Kennicott-Sargent apparatus is used the standard color 
solutionis forced into the adjacent cylinder, until the color in this cylinder matches 
the one containing the sample. The number of cc. of the standard is noted. This 
blank is due to the slight color that the solutions of the samples invariably have. 
Four drops of the sulphide reagent are added to the sample and this is mixed 
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l)y means of a plunger, avoiding any more agitation than is absolutely necessary 
to make the solution liornogencous. After one minute the comparison is again 
made, tlio colored standard being forced into the cylinder until its color inatcl.es 
the sample. It is advisable to take several readings with ascending and descend- 
ing column of standard reagent, taking the average as the true reading. 

Calculation. Suppose the standard -().(MXK)()1 gram Pb per cc., blank = 5 cc., 
total reading =22 cc., one gram of sjimple being taken for analysis. Then 
22-5 = 17 cc. =0.(K)17% Pb or 17 parts j)er million. 

Notks. Iron must be completely reduced before adding ammonium hydro.\idc 
and i)otassium evanide, 

Allen’s method of reducing iron with sodium mctabisulphite is excellent. The salt 
may be made; i)y ])assing SOj into a saturated solution of sodium carbonate at 
boiling te.ti])eraturo, until the li(]uor is just acid to methyl orange. The water 
evaporated during the treatment is replaced during the action. NasSiOt sejiarates 
and may be filter^ off and the water removed by centrifuging, 




i 


Fio. 44. — Cooper Hewitt Mercury Light. 


The Cooper Hewitt Mercury light is excellent for colorimetric lead determina- 
tions, where an artificial light is desired. The yellow shades apiiear yellowish- 
green and may be matched more readily than the yellows obtained by daylight. 

ITie illustration, Fig. 44, shows the tyiJO of light recommended for this work. 

If a separation from iron Ls desired, the lead may be extracted with ammonium 
acetate solution. Ten grams of the powdered material are mixed with 75 cc. of 
a 33% ammonium acetate solution ^ (25 grams of the salt dissolved in 50 cc. HjO), 
the reagent being added boiling hot. Tho mixture is diluted to 600 cc., a portion 
filtered, and the determination made on an aliquot i>art of the total, following 
the directions abovi;. 

^ The ammonium acetate should be free from lead. 
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ANALYSIS OF METALLIC LEAD 
Determination of Impurities in Pig Lead — Complete Analysis ^ 

The following substjincos sire genemlly estiiiuitcMl in llie coiiiploto aimlysis 
of lead: silver, bismuth, copper, cadmium, arsenic, antimony, tin, iron, cobalt, 
nickel, manganese and zinc. 


Determination of Silver 

This is determined by assaj' of JOO grams of lead. 'I'he .substance is placed 
in a 3-in. scorifier and heated in a mullle furnace until the assay “ cov(ts.” Jt 
is then poured into a mould, allowed to cool and the button thus ol)tained again 
scorified until a final button weighing about 20 grams is obtained. '^I’his is 
cupeled and silver deteiiuinod as usual. If the silver head is largt; it .should be 
parted fur gold. 

Determination of Bismuth 


In determining bismuth three cases arise: j-l. The ordinary method. B. 
Procedure for determining minute amounts of bismuth. Method in presence 
of comi)aratively large amounts of antimony and tin. 

A. Tw'cnty grams of lead are dissolvetl in lt)t) cc. of hot tlilute nitric acid 
(1 : 4). If the solution is complete, dilute ammonium hydro.xide is added, drop 
by drop, until a faint opalescence is ob.served in the solution. If a ]>recipitate is 
formed, thi.s must be dis.solved by addition of nitric acid and the ammonia 
treatment repeated. Now 5 cc. of dilute hydrochloric acid are added (1 : 9) 
and the solution diluted to 400 cc. and heated to boiling. The bismuth oxy- 
chloride is allowed to settle on the steam bath for several hours, the clear solu- 
tion is then decanted through a 7 cm. filter (S. & 8. No. 589), the precipitate 
transferred to the paper and washed with hot water. ('I'lie solution is refiltered 
if cloudy.) The precipitate is dissolved with 5 cc. hot hytirochloric acid (1 : 9), 
the acid l)cing added around the edge of the filter with a i)ii)clte. The paper 
is washed and the solution diluted to 400 cc. and brought to Imiling. I'hc 
precipitate is filtered into a weighed Cooch crucible, washed several times with 
water, then once with alcohol tind finally with ether. It is dried in the oven and 
weighed as BiOCl. 

BiOClX.802=Bi. 

B. Detennination of minute amounts of bismuth is made as follows: 100 
grams of lead are dissolved in 500 cc. of dilute nitric acid (1 : 4), and the cooled 
solution treated with sufficient saturated solution of sodium carbonate to pro- 
duce a heavy precipitate. After settling, then decanting oif the clear solution, 
the precipitate is filtered onto a filter and drained. \Vithout w^ashing this is 
dissolved with the least amount of nitric aciil that is require<l. I’ho solution is 
then neutralized with ammonia as Iwfore (method A), litmus paper being used 
as an indicator, ami bismuth determined as directed under the first procedure. 

C. In presence of considerable amounts of antimony and tin, the bismuth is 
precipitated as in case A, the precij)itate dissolved in hot hydrochloric acid 
(1 ; 2), and the solution diluted to 200 cc. The sulphi<les of antimony, tin, etc., 

1 Method of the National Jjcad Company, modified. 
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are precipitated with H2S, antimony and tin dissolved out with a solution of 
potassiuip hydroxide and sulphide water (1 part 20% KOH to 4 parts H»S water), 
and the residue washed. This is dissolved in 20 cc. of hot nitric acid (1 : 4), and 
bismuth determined us usual in the filtrate. 

Determination of the Remaining Elements 

222.23 grama of the sample of lead are dissolved in 1100 cc. of dilute nitric 
acid (1 : 4) in a large beaker. If the solution is turbid, appreciable amounts 
of antimony and tin are iiulicated with possible sulphur combined as PbSO«. 
In thi.“ case it is filtered into a 2000-cc. flask. If the solution is clear it is 
tratisferred directly to the flask. 

Residue I. May contain As, Sb, Sn, Filtrate I. (Contains all the elements 

P1)S04. present in the sample. 

Residue I. The residue and filter is treated with 20 cc. of tartaric acid 
mixture (.")() grams tartaric acid, 250 cc. of water and 2.50 cc. of concentrated 
hydrochloric acid). After boiling the mixture is digested on the steam bath for 
half an hour, then 50 cc. of hot water added and the solution filtered. The filter 
paper is ignitetl and any residue is dissedved by fusion with 1 gram of potassium 
hydroxide in a silver dish. The water extract of this fusion is added to the tar- 
trate solution. Now ammonia is added until the solution is alkaline and then 
hydrochloric acid until it is slightly acid. Hydrogen sulphide is now passed in 
to saturation, the precipitate digested on the steam bath for fifteen to twenty 
minutes and hydrogen sulphide again passed into the solution about fifteen 
minutes. I’he sulphides are filtered off, arsenic, antimony and tin sulphides dis- 
solved with 5 cc. (1 : 5) potassium hydroxide in 25 cc. of saturated HiS water. 
The solution is diluted to 111 cc., and 100 cc. — equivalent to 200 grams of sam- 
ple — preserved for subsequent analysis. This solution is marked “ Extract C.” 

Filtrate I. This solution, containing practically all of the material, is 
treated with 150 cc. of dilute sulphuric acid (1 : 1), and the solution made to 
volume — 2000 cc. It is now transferred to a 3-liter flask, the graduated flask 
rinsed out into the main solution with 50 cc. of water. (The PbS04 precipitate 
found to occupy space of 50 cc.) When the precipitate has settled, 1800 cc. 
are decanted off. This represents 200 grams of the sample. The solution is 
boiled down in a No, 9 porcelain evaporating dish, heating first over the free 
flame and finally on the steam bath until only a moist residue remains. Fifty 
cc. of water is added, the residue transferred to a beaker and digested for several 
hours, preferably overnight, and then filtered. 

Residue II. This may contain PbS04, Filtrate 11. This may contain Cu, 

As, Sb, Sn salts. Bi, Cd, Sn, Sb, As, Fe, Co, Ni 

and Zn. 

Residue 11. This is treated as has been described for residue I. The 
entire solution is added to the Extract C. The residue, consisting of PbS04, is 
rejected. 

Filtrate II. This is made neutral with ammonium hydroxide and then con- 
centrated hydrochloric acid added in such an amount that the solution will 
contain 4% free acid. (HCl sp.gr. 1.2, 4 cc. per 100 of solution.) Hydrogen 
sulphide is now passed into the hot solution until it is saturated, the precipitate 
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settled on the steam bath for half an hour and hydrogen sulphide again jjassed 
in for fifteen minutes. The pr(;eipilate is filtered off and washed with JI 2 S 
water slightly acidified with hydrochloric acid. 


Residue. III. May contain (hiS, 
C/dS, Asjbj, SbaSs, SnS. 


Filtrate III. May contain ions of 
Ke, AI, (’o, Xi, Mn and Zn. This 
filtrate is marked “ Ji.” 


Residue III. The sulphitles are extracted with potassium hydroxide and 
hydrogen sulphide solution. This dis.solve.s out arsenic, anf imonj' and tin. ’^Phis 
extnict is combined with the extract marketl “ (’.” 

The residue remaining is marked “ l{e.sidue A.” 

The constituents of the smnple have lunv been isolated in the groups. 

Residue “ A ” contains the sulphides of copper, bismuth anil cailmium. 

Filtrate “ B ” contains such elements as do not j)recij)itato as sulphides in 
acid*solution — iron, aluminum, manganese, cobalt, nickel and zinc. 

Extract “ C ” includes the elements arsenic, antimony tind tin. 


Determination of Arsenic, Antimony, and Tin in Pig Lead 

The combined alkali .sulphide solutions: “Extract (' ” is washed into a 
beaker and acidified with 20 ec. of nitric acid and 5 cc. of hydrochloric aciil. 
The solution is evaporated to drjmess on the steam bath. The residue is dissolveil 
in 200 ec. of water and 10 grams of oxalic acid added, together wifh 10 grams 
of ammonium oxalate, and the solution heated until ch'ar. 

Hydrogen sulphide gas is now jiassed into the liot solution for forty-five 
minutes. 

Precipitate. AsaS,, SbjSj. Filtrate contains Sn. 

Arsenic. The precipitate containing arsenic and antimony is ])laced in a 
distilling flask, strong hydrochloric acid added and arsenic sei)araled from 
antimony by distillation with a current of JK’l gas accoriling to the regular pro- 
cedure. If a preeijiitate of arsenic sulphide forms in the distillate, it is advis- 
able to precipitate the arsenic as sulphide, oxidize the compound to fonn 
sulphate and arsenic acid, and after reiluctiou of tlie arsenic to titrate it with 
standard iodine. This oxidation may be accomplLshed, hi'fore distillation with 
hydrochloric acid. For details of the proceilure sec chapter on Arsenic, page .Th 

Antimony is determined in the residue in the flask by titration with X /JO 
potassium broraate or by the potassium iodide method. 

I. 2KBrO,-|-2HCl-|-3SbaO, =2KCl-|-2HBr-f SSbaOs. 

II. (a) Sb*Cl64-2KI=:Sb2Cl,-|-2KCl-|-L. 

(6) I,+2Na2S*0,=2NaI-t-Na2S,0,. 

For details of the procedure see chapter on Antimony, pages 25 and 26. 

Determination of Copper and Cadmium in Pig Lead 

The residue “ A ” is taken for this analysis. If copper exceeds 0.0026^ 
method I is used. If the copper percentage is below this amount the procedure 
II is followed. 
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Method I. The rcsidiK' is dissolved hj'- heating with 20 cc. of nitrie acid 
(I : 4 ) and the solution filtered into a beaker. Tiie filter is ignited and tlie 
resiihic dissolved in nitric! acid (1 : 1) and tlie solution added to the first por- 
tion. The volume should not exceed 1(K) ee. Ammonium hydroxide is added 
until the solution is strongly ammoniaeal and tfien n grams of potassium cyanide. 
Jlydrog<!n sulphide! is ]>!uss(!d into the cold solution to saturation, and the 
solution filtered. 

Precipitate =AgS, liiA, (’dS. Filtrate - Cu in solution. 

The filtrate! confjiiuing the copper is eweiporate'd on the steam bath to a 
volume of 20 to t’lO ee-. in a 4 -in. e*assere>le. Now 20 ee. of sulphurie acid (I : 1) 
are added (hood), and the solutiem evaporate*d until SOa fumes are evolved. 
The cooled coeie-emtrate is dilute'd with wate'r and filtere*el, if necessary. Three cc. 
of nitric acid are addeid ])er 100 cc. of solution and the eo])pe!r depositcei by 
electrolysis ace-ording to the regular proce-dure ami wenghe-d as metallic copiier. 
For detailed m(!thoel sch! ch:ii)ter on Ck)i>per, page 155 . 

The pree-ipitate containing silver, bismuth and cadmium is dissolved in 20 ee. 
of nitrie acid (I : 4 ), 1 cc. of 1% sodium chloride! .seelutieui is aelde^d, the solution 
dig(!steel half an heeur auel then filtercel anel the filter washed with water. 

Precipitate —AgCl, re-je-e-t. Filtrate —CdCNOa)* and Bi(N’03)s. 

'riie filtrate is maele slightly alkaline with sodium carbonate added in slight 
exe‘(!ss, anel 5 grams e)f ))e)l:issium e-yiiniele are then aeleleel. After digesting em the 
ste'am bath fe>r half an hemr the- seelutieen is filtercel anel the residue washed with 
5 (,'p seHlium e-arbemate se)lutie)n. 

Precipitate eemtains bismuth, reject. Filtrate e-emtains e-admium. 

The filtrate! is ne)W tre-al.e-el with a fenv cc. e»f ammemium sulphide and the 
yelleiw e-aelmium sul])hiele is filte!re*el inte) a we-igheel Cle)e)ch crucible, then washed, 
elrieel auel finally we'igheel as (MS. 

CdSX 0 . 77 S-(M. 


Method U. Small amemnts e)f copper. The filter eemtaining the siilphides 
is ignited in a pore-elain crucible anel the resielue elis.solved in 5 to 10 cc. of nitric 
aciel (I : I), anel the se)lutie)n evape)rateel to ])astine!ss. One ee. of sulphuric aend 
(1 : 1) is aeleleel te)gether with a few drops of 10% se)elium chloriele sedution and the 
mixture evaporateel te) SOs fumes, the ee)e)loel proeluct then dilutcel with water 
and filtered from the leael and silver precipitates. 

Amme>nia is ne)w added to the filtrate te>gether with 5 grams of potassium 
cyanide and CMS and BisS* are precipitated with HaS, as in case I, and filtered off. 


Precipitate — CdS and Bi^Sa. Bis- 
muth is removed as before and 
cadmium sulphide again precipi- 
tated and the compound titrated 
with N /lO iodine solution. 

1 cc. N/10 I = 0.00562 gram Cd. 


Filtrate. The solution is ntade acid 
in the hood with H2SO4, then taken 
to SO3 fumes and copper determined 
by the potassium iodide method. 
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Determination of Iron, Cobalt, Nickel, Manganese and 

Zinc in Pig Lead 

Iron and Alumina. The filtrate 11 ” from members of the Hydrogen 
Sulphide Group is evaporated to 100 and the iron oxidized with a few drops of 
nitric acid as usual. Iron (and alumina) hydroxide is now precipitated by addition 
of ammonia. It is advisable to dissolve tliis precipitate in hydrochloric acid and 
reprecipitate the iron to recover the occluded manganese and zinc. The com- 
bined filtrates are reserved for the determination of the remainder of the elements. 
The hydroxide of iron is ignited and weighed as 1 ^ 20 ,. If alumina is suspected, 
the residue is dissolved in hydrochloric acid and iron determined volumetrically. 
FeiOs thus obtained is subtracted from the weight of the first determination, 
the difTcrcncc being due to the alumina present. 

Fe20i X 0.6094 = Fe Reciprocal factor = 1 .4298 

AhOjX 0.5803 =A1 Reciprocal factor = 1.8856 

Zinc. The filtrate from iron precipitate is made neutral with hydrochloric 
acid and then 15 drops of 2N. IK'l added in excess and zinc jirecipitated in the 
pressure flask with HjiS. (See Figs. 8 and 4 in chapter on Arsenic.) The 
sulphide of zinc is filtered off, and cither ignited to the oxide ZnO and so weighed 
or determined by a volumetric procedure. Sec chapter on Zinc. 

ZnOX0.8034=Zn. 

H2SO4X0.6665=Zn. 

Cobalt and Nickel. These are best determined by electrolysis, being deposited 
from an ammonium sulphate solution according to the procedure described fijr 
these elements. 

If a separation of the elements is desired the depo.<3it is dissolved in acid, 
nickel determined by 0. Brunck’s dimethylglyoxiine method, and cobalt deter- 
mined by difference. 

Manganese. The solution from nickel and cobalt is taken to dryness, and the 
residue heated to expel the ammonium salts and destroy any organic matter 
present. This is taken up with a little hydrochloric acid, then 2 to 3 cc. of 
sulphuric acid added and the mixture evaporated to SO, fumes to expel the hydro- 
chloric acid. When nearly all the free acid is driven off, the moist residue, cooled, 
is treated with *50 cc. of nitric acid (1 : 3), and manganese deteniiined in the 
solution preferably by the bi.smuthate method. For minute amounts of man- 
ganese the colorimetric procedure Ls used. See chapter on Manganese, page 267. 



MAGNESIUM 

Wii.FitKD W. Scott 

Mk, at.wt. 34.33; sp.gr. 1.69-1.7.’>; m.p. 651° b.p. 1130° C.*; oxide M^O. 

DETECTION 

In the usual course of analysis mag»'?.siuru is found in the filtrate from the 
precipitated carbonates of barium, calcium, and strontium. The general procedure 
for nmioval of the preceding groups may bo found in the section on Separa- 
tions given on the following page, 27A. Magnesium is precipitabid as white 
magnesium ammonium phosphate, MgXII,PO,, by an alkali phospliate, NadlPOs, 
XaXIf4HP()4, etc., in presence of ammonium eldorido and friie ammonia. The 
])recipitate forms slowly in dilute solution. This is hastened by agitation and 
by rubl)ing the sides of tlie beaker during the stirring with a glass ro(l. Crystals 
soon appear on the sides of the beaker in the i)ath of contact, and finally in 
the solution. 

Baryta or lime water added to a solution containing magnesium produces 
a white ])recipit:ite of magnesium hydroxide. 

lh)th th(! ])hosphatc and the hydroxide of magn(?sium are soluble in acids. 


ESTIMATION 

The element is dotennined in the comi)lcte analysis of a large numlair of 
substanc(!s; in the analysis of ores, minerals, rocks, soils, cements, water, etc. 
The following are the more imi)ortant (»res in whic'h the element occurs: Mag- 
nesite, Mg(’();i; dolomite, CaCXticMgCXts; kieserite, Mg8()4-Hj(); kainite, 
MgS(),-K('l -(illX); carnallilc, AlgC’la-KCl-GHX); in the silicate.s, emstatite, 
MgSiO.,; talc, IlaMgafSiOj)); nicei’schaum, fomterite, Mg2Si04; titanate, MgTiO*; 
olivine, Mg.Si()4 FejSi()4; serpentine, H4Mg3Si2()4. It occui*s as boracite, 
dMglbOz ^MgO MgCb. It is found in s(;a-water, and in certain mineral waters. 
It occurs as a phosphate and carbonate in the vegetable and animal kingdoms, 
especially in .s<!eds and boruts. 


Preparation and Solution of the Sample 

In solution of the material it will be rt'called that the metal is .soluble in 
acids and is also attacked by the acid alkali carbonates. It is soluble in am- 
monium salts. The oxide, hydroxide, and the salts of magnesium are soluble 
in acids. Combined in silictites, however, t!ie substance re(iuires fusion with 
alkali carbonates to bring it into solution. 

General Procedure for Ores. One gram of the ore is treat(!d with 20 cc. of 
strong hydrochloric acid and Innited gently until the material is decomposed. 
If sulphides are present, f) to 10 cc, of strong nitric acid are added and the material 
decomposed by the mixed acids. If silicates are present and the decompo- 

* Circular .‘15 (2d PJd.) U, »S. Hiireau of Standards, 

* Van Nostrand’s Chem. Annual — Olsen. 
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sition is not complete by the acid treatment, the insoluble material is decom- 
posed by fusion with sodium carbonate, or tlie entire sample may bo fused with 
the alkali carbonate, the fusion is dissolvcul in hy<Irochloric acid and taken to 
drjmess. Silica is dehydratetl as usual by hoatiriK the residue from the evaporated 
solution. This is taken up with TjO ce. of water containing about 5 cc. strong 
hydrochloric acid, the silica filtered off and, after removal of the interfering sub- 
stances according to procedums given under the next section on Separations, 
magnesium is determined as directed in the sectiems on Methods. 

SEPARATIONS 

Removal of Members of the Hydrogen Sulphide Group. Copper, Lead, 
Bismuth, Cadmium, Arsenic, etc. 'Fhe filtrate from silica ^ is diluted to about 
200 cc. and hy<lix)gen sulphicht gas ))assed in until the members of this gnaip 
are comphitely precipitatcul. The sulphides an; filOircd off and washed with llaS 
water and the filtrate and wasJiings coiuamtrated by boiling. 'I'his tnavtment 
is seldom neccsssary in analysis of many silicates and carbonates in which these 
elements are ab.sent. 

Removal of Iron, Aluminum, Manganese, Zinc, etc. The <ajn(;entr:it(Hl 
filtrate from the hydrogen sulphide group, or in case the treatment with hydro- 
gen sulphide w'as not retiuinul, the filtrate from silica, is b«»iled with a few cc. 
of nitric a<*id to oxidize the iron (solution turns yellow), about 5 cc. of concentrated 
hydrochloric aci<l added, and if manganese is i>resent, 15 to 20 cc. of a saturated 
solution of bromine water, and the solution made alkaline to pr(ieij)itate iron, 
aluminum, mangatuise. If zinc, cob.alt, and nickel are pn‘.sent, these ans best 
rtunoved as sulpliides by pa.ssing hydrogtm sulphide info the ammoniacal solu- 
tion under jm'ssum. (H <!0 Fig. 3 and Fig. 4, pages 3S and 39.) 

Separation of Magnesium from the Alkaline Earths. The alkaline 
earths are im'cipittitcsl either us oxiilates, recoinnumded when considerable 
calcium is j)n!S(!nt, or as suli)hate.s, r((t!onuuondt;d in presence of a large pro- 
portion of biirium, the magn(‘sium salts being sf)luble. Alagnesium is pre- 
cipitated from the filtrates as a j)lu>sphate, according to diroctii>ns given later. 
Details of the separation <)f magnesium from the alkaline earths may be found 
in the chapter on Harium, page 5.3. 

An excellent proccHlurt! for the separation by means of sulphuric acid is 
to evaiJoratc the solution to dryne.ss, concentrating finst in a porcelain dish and 
finally to drjmess in a ])latinum dish, and tlum adding about .50 cc. of 
alcohol and suflicitmt siiljihuric acid to combine with the alkaline earths ani 
magnesium, with slight excess. 'J'his imadpitates barium, strontium, aiul cal- 
cium as suljihates, W’hile th<5 gn!:itcr part of the magnesium is in solution. 
After settling, the precipitate is filt«!rod aiul wjishcd free of sulphuric acid by 
means of absolute alcohol, then with alcohol to remove any magnesium 

sulphate remaining with the precipitate. Al.agnesium is determined in the 
filtrate by expelling the alctjhol by evaporation, and then ]>r(!cipitating as mag- 
nesium ammonium phosphate according to directions given for the determination 
of this element. 

Notk. Magnesium is prevented from precipitation as a hydroxide by the presence 
of ammonium salts, iice note, bottom of piige 8. 


^ See previous paragraph. 
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GRAVIMETRIC DETERMINATION OF MAGNESIUM 

Precipitation of Magnesium by a Soluble Phosphate as 
Ammonium Magnesium Phosphate 

Magnesium is determined in the filtrate from calcium oxalate by the addition 
of sodium ammonium phosphate to a hot slightly acid or neutnd solution followetl 
by a definite amount of ammonia. The pmetice of precipitating magnesium from 
a cold solution necessitates a double pnicipitation as the composition of the 
phosphate is considerably modified by that of the solution in which the precipi- 
tation takes place, so that it is neces.-.iry to adjust conditions by having a 
definite {xmount of ammonia, ammonium stilts ami phosptuite for the approxi- 
mate amount of magnesium present. ^ Ac<;urate nisults are obtsiined by pn?- 
rii)itation of the compound from a hot solution by the method of 11. Schmitz,* 
l)y additiiMi of the soluble phosiilmte to a slightly acid solution and then mak- 
ing ammoniacal, or thsit of W. (libbs,® by precipitation of the amorphous 
imignesium hydrogen phosplmte in a neutnil solution and transforming the j)re- 
cipitate to magnesium ammonium ]»hosphate by addition of ammonia to the hot 
.stilution. Ui>ou ignition of the in-ecipitjite, magnesium i>>’Tophosphate (MgjPiiO?) 
is formed. 

Reactions. 

A. Na*Nll 4 r 04 -fMgCb= 2 Xa(n-|-MgXH 4 l ’()4 (B. Schmitz).* 

Ji. NaHNH 4 P() 4 -fMgCM*=Xa(’l-|-XIl 4 C'I-|-MgIIl >04 and 

MgllP()4-l-Nlla=MgXIl4P()4 (W. Gibbs).* 

Decomposition with Jlejit. 

2MgX H 4P( >4 - 2X 11 » -I- J fit ) + M gaPA >7. 

The following procedure gives a<*curate results. 

Procedure. The neutral or slightly acid solution, containing magnesium in 
presiMice of ammonium sjdts, is lu'nted to boiling amt treated, drop by droj), with 
an excess of sodium or ammonium jihosjdiate, or microcosmic salt (10% solutions), 
stirring constantly during the addition. 'I’hen .ammonium hydroxide (sp.gr. 0.0(5) 
is ailded, its volume measuring om!-third that of tlu* magnesium solution. The 
crystalline iirecipitate is allowed to cool and settle for two hours or more. The 
suiiernatant liiiuid is lilU^red off, the precipitate washed by decantation two or 
thme times, then transfeiTod to the filter, using dilute ammonia water (2%). The 
pivcipitate is dried and then transferred as completely as possible to a weighed 
l>latinum crucible, tin? ash (jf the filter paiK'r, burned separately, is added and the 
comiumnd heated gently at first, the cnicible being covered until the ammonia 
is driven off, and then more strongly until the mass is snow white. The residue 
is cooled in a desiccator and weighed as Mg 2 P 2 (^/. The ammonium magnesium 
j)hosi)hate may be filtered directly into a wiiighed Gooch crucible and ignited, 
thus jivoiiling the carbon of the filter pajx'r, and .shortening the jxjriod of ignition, 
loss heat being retiuired to obtain the white magnesium pyrophosphate. 

» F. A. Gooch and M. Austin, Am. Jour. Rci. (4), 7, 187, 1899. W. Gibbs, C. N. 28, 
{>1, 1S7:{. 11. Struve, Zt‘it, anal. Che.m., 3ft, 289, 1897. 

* Z. anal, ('hem., 512, 190(). » .Xm. .Jour. Sci. (3), 6, 114, 1873. 

* Details of the two methods maybe found iuTrcadwell& Hall, “Analytical Chemistry." 
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Factors.^ MgaP207X 0.3621 =MgO or 0.2184 =Mg or X0.7572 

=Mg(X) 3 or X1.0811 =MgS 04 or X2.2143 =MgSO4-7H20. 


Notes on Magnesium 

The ignition is condunted gently at first to gradually oxidize the cjirbon that the 
precipitate eontains. \yith rapid ignition the i)arti<‘les are inclosed in the mass in a 
form that it is almost imjiossmle to eoinjtletely oxidize, so that the final residue is 
gray instead of white. L. L. de Koninck ^ considers that the blackening of the prcci)>i- 
tate is frequently due to the presence of organic bases in commercial ammonia and 
its salts, rather than to the libers of filter j»aiier occluded in the mass. With caution, 
the filter and residue may Ite ignited wet, the heat being low until the filter conijilctely 
chars and then being increased, with the cover removed, until the residue is white. 

Impurities. The precipitate may contain traces of Inne that remained soluble 
in ammonium oxalate. This may be determined by dissolving the pyrophos)>hatc 
in dilute sulphuric acid followed by addition of 9 to 10 volumes of absolute alcohol. 
Calcium sulphate, CaS 04 , precipitates and settles out on standing several hours. It 
may be filtered off, dissolved in hydrochloric acid and precipitated as oxalate in the 
usual way and so detenuined. 

A residue remaining after treating the pyrophosphate with acid is generally SiOj. 

The presence of mwganese may be detected by dissolving the magnesium pyro- 
phosphate, M&PaOr, in nitric acid and oxidizing w'ith sodium bismuthate. (See 
method under Manganese.) 

Properties of Ammonium Magnesium Phomhate. Headily soluble in dilute 
acids. One hundred cc. of pure water at 10° C. will dissolve 0.006.5 gram. The 
presence of ammonia greatly decreases the solubility of the salt, e.g., 2.5% ammonia 
decreases the solubility to 0.00006 gram MgO per 1(K) cc. 'I'he ))rescncc of ammonium 
salts increase the solubility of the precipitate, e.g., 1 gram of ammonium chloride 
will increase the solubility to 0.0013 gram MgO.* 


VOLUMETRIC DETERMINATION OF MAGNESIUM 

Titration of the Ammonium Magnesium Phosphate with 

Standard Acid 

The procedure known as Handy’s volumetric method for magnesium,* depends 
upon the reaction MgNH4P04+H!!S04=MgS04+NllJf2p04. An exces.s of 
standard sulphuric acid is added to the precipitate and the excess of acid titrated 
back with standard ammonium hydroxide. 

Procedure. The method of precipitation of the magnesium ammonium 
phosphate is the same as has been described under the gravimetric method. I'he 
precipitate is washed several times by decantation with 10% ammonium hydrox- 
ide solution (1 part NH 4 ()H, sp.gr. 0.90 to 9 parts water), and finally on the 
filter. After draining, the filter is opened out, the moisture removed as much as 
possible by means of dry filter papers. The residue may be dried in the room 
for about forty-five minutes or in the air oven at 60 to 60° C. for fifteen to 
twenty minutes.® When the filter has dried, ammonia wdll have been expelled. 
The substance is placed in a dry beaker, N/10 sulphuric acid added in excess 
(methyl orange indicator), the solution diluted to 100 cc. and the excess of acid 
titrated with N/10 sodium hydroxide. 

One cc. N/10 II3SO4 =0.002 gram MgO. 

* Based on atomic weights of 1916. 

*Zeit. analy. Chem., 29, 105, 18(X). 

*Mellor, “ j^iantitativo Inorganic Analysis,” J. B. bipiuncott Co., Pub. 

* James Otis Handy, Jour. Am. <lhem. Soc.. 22, .31. 

* Low, “ Technical Methods of Ore Analysis,” Wiley & Sons, Pub. 
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Mn, at.wt. 54.93; ap.gr. 7.43^; m.p. 1260®^; b.p. 1900* C^; oxides, MnO, 
Mn^Oa, (MuaOa ignition in air), MnOa, MnOa, MoaO;. 

DETECTION 

In the usuul Cf)urso of analysis man«;anosn is found in the filtrate from the 
hydroxides of iron, aluininutn and chromium, the previous groups having been 
removed with hydn)chloric acid, hydrogen sulphide and ammonium hydroxide in 
presence of ammonium chloride. Manganese, cobalt, nickel and zinc are pre- 
cipitated as sulphides in an ammoniacal solution. The sulphides of manganese 
and zinc are dissolved by cold dilute hydrochloric acid, HaS expelled by boiling 
and manganese precipitated as the hydroxide by addition of potassium hydroiride 
in sufficient amount to dissolve the zinc (sodium zincate). Manganese is ndw 
confirmed by dissolving this precipitate in nitric acid and adding red lead or 
lead peroxide to the strong nitric acid solution. A violet-colored solution is pro- 
duced in presence of manganese. Chlorides should be absent. 

Manganese in soils, minerals, vegetables, etc., is detected by incinerating 
tlie substance, treating the ash with nitric acid and taking to dryness, the residue 
is taken up with water and the mixture filtered. To the filtrate is added a few 
cc. of 40% ammonium persulphate and a little 2% silver nitrate solution. A 
pink color is produced in i)restaice of manganese. 

Manganese compounds heated with borax in the oxidizing flame produce 
an anu'thyst red color. The color is d(;stroyed in the reducing flame. 

Fused with sodium carbonate and nitrate on a platinum foil manganese 
compounds produce a green-colored fusion (“robin egg blue”)* 

ESTIMATION 

Manganese may bo dct(?nnined accuratelj’^ giavimetrically or volumetrically. 
The fbrnuir mcithods may be used for high-grade manganese ores, the latter are 
generally ))referred for detennining manganese in steel and in alloys and are 
applicable to a wide range of substances. 

'riic most important ore of manganese is pyrolusite, MnO.. Other ores are 
braunite, Mn 20 j; hausmannite, MiigOi; manganite, MnaOj-HjO; albanite, 
MnS; haiirite, MnS^; dialogite, MnCOa; rhodonite, MnSiOj. 

Si)eigeleisen or ferromanganese is an important alloy for the steel industry. 
In addition to the requirement of the clement in the analysis of the above sub- 
stances it is determined in certain ])aint pigments - 'green and violet manganous 
oxides, in drj^ere of oils, etc. It occurs in a number of alloys. 

^Van Nostrand’s Chenj. Annual- -OLsen. 

® Circular 35 (2d Ed.) U. S. Jturcau of Standards. , • , 
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Preparation and Solution of the Sample 

In dissolving tho sample the following facts will be recalled: The metal 
dissolves in dilute acids, fonning manganese salts. The oxides and hydroxides 
of manganese are soluble in hot hydrochloric acid. Manganous oxide is soluble 
in nitric or in sul])huric acid; the dioxide is insoluble in dilute or concentrated 
nitric acid, but is soluble in hot concentrated sulphuric acid. 

Ores of Manganese. A sample of }M)wdered ore weighing 1 gram is brought 
into solution by digesting with 25 to 60 cc. of strong hydrochloric acid for fifteen 
to thirty minutes on the steam bath. If much silica is prc.sont 6 to 10 cc. hydro- 
fluoric acid will assist solution. Five cc. of sulphuric acid are added and the 
mixture evaporated and heated until fumes of sulphur trioxide are evolved. 
Tho resitlue is taken up with a little water and wanned until the sulphates have 
di.ssolvcd. If dectomposition is im^omplete and a colored residue remains, this 
is filtered off, ignited in a platinum dish and fused with a little potassium l>i.sul- 
phato. The fusion is dissolved in water containing a little nitric acid and the 
solution added to the bulk of the sample. 

If manganese is to be detennined volumctric.ally the removal of iron is not 
necessary. If, however, a gravimetric procethire is tn be followed, iron and 
alumina arc removed by the basic acetate method given under sc^parations 
and manganese precipitated in the filtrate. In ])r(;sence of .small amounts of 
iron and alumina, precipitation with ammonia in pre.sonce of ammoniTim chloride 
will remove these elements without appreciable loss of manganese, a double 
precipitation being usually advisable. For volumetric procedures in ores con- 
taining over 2% manganese an aliquot jjortion of the sample is taken for tho 
determination. The portion should not contain over 0.01 gram of manganese. 

Sulphide Ores- Oolites, etc. 'I’he sample is either roasted to oxidize the 
sulphide and then di.s.solved in hydro<‘hloric acid as al)ove stated or it is treated 
according to the procedure given for iron pjTites under sulphur. 

Slags. These may be decomposed with hydrofluoric and hydrochloric, acid 
with final expulsion of these acids with sulphuric acid. Manganese is best dct(!r- 
mined in the extract by a volumetric method. 

Iron Ores. The treatment is the same as that recommended for ores of 
manganese. The residue remaining upon evaporation with sulphuric acid is 
dissolved in a little water an<l about 30 cc. of nitric acid (.sp.gr. 1. 1.3.6) added. 
Manganese is now determined by the bismuthate method. 

Alloys. Manganese Alloys. One gram of ferromanganese is <lissolvcd in 
50 cc. of dilute nitric acid (sp.gr. 1.135) and oxidized with sodium bismuthate 
with boiling. The cooled solution is diluted to .600 cc. and 10 to 25 cc. is treated 
with about 30 cc. of dilute nitric acid and manganese determined by the bis- 
muthate method. The amount of sample taken is governed by tho manganese 
content. This should not exceed 0.01 gram of the clement if tho volumetric pro- 
cerlure is to be followed. 

Manganese Bronze. Five grams of drillings are <Ussolved in dilute nitric 
acid (1.2), in a large beaker, using only sufficient acid to cause solution. If much 
free acid is present evaporation to small volume is necessary to expel the nitric 
acid. The coneentnite is diluted to 200 cc. and hydrogen sulphide passed in to 
precipitate copper. Tho solution is diluted to 250 cc. ami 50 cc. filtered off 
( =s 1 gram). The IInS gas is expelled by boiling, the solution being concentrated to 
about 15 cc. Twenty-five cc. of nitric acid are added and manganese precipitated 
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by adding potassium chlorate in small portions. The chlorine is boiled off and the 
precipitate filtered onto asbestos and washed with concentrated nitric acid. This 
is now determined volumctrically by treating with an excess of ferrous sulphate 
of known strength and titrating the excess with standard permanganate. 

Fexro-titanium Alloy. This is best decomposed by fusion with sodium carbon- 
ate, to which a pinch of sodium peroxide has been added. The fusion is extracted 
with water and the residue containing iron, manganese and nickel filtered onto 
asbestos. Manganese is dissolved in 2.5 to 30 cc. of nitric acid by treating with 
S ()2 gas or hydrogen peroxide and manganese determined by the bismuthate 
method. 

Ferro-chromiumy Metallic Chromium. These are best decomposed by fusion 
with sodium peroxide (five times the weight of sample taken), the fusion being 
made in a nickel crucible. The treatment is now the same as that recom- 
mended for ferro-titanium. 

Ferro-aluminum, Vanadium Alloys. Tlu; method used for steel is suitable 
to either of these substances. 

Molybdenum Alloys. 'Phe alloy is tlecomposed with hydrochloric! acid, and 
iron separatc'd by the basic acetate metliod, a large exce.s8 of acetate being used. 
Manganese is precipitated as the dioxide by mcjans of bromine and ammonia by 
the detailed procedure givem later. Manganese is dissolved in nitric acid after 
reduction in the acid solution by addition of a little sodium thiosulphate or SOj 
gas. It is now oxidized to ijennanganate by means of rcid lead anci determined 
either colorimetrically or by titration with a standard solution of sodium arsenite. 

Tungsten Alloys. These are best dcicomposed by treating 1 gram of the 
substance with 6 to 10 ec. of hydrofluoric acid and a few cc. of strong nitric acid 
and digesting until the solution is complete. The hydrofluoric acid is expelled * 
by taking to diyness, a few drops of sulphuric acid having been added. The 
residue is taken up with water and boilcnl with SO 2 water. The solution is 
made to definite volume and manganese determined volumetrically on an aliquot 
portion. 

Silicon Alloys, (hie gram of the alloy is treated with 50 cc. of dilute nitric 
acid (sp.gr. 1 .2) and 5 cc. of hydrofluoric acid. The graphite is filtered off and 
the hot solution treated with sodium bismuthate and kept boiling for about fifteen 
minutes after the manganese dioxide has been precipitated. The bismuthate 
method for estimating manganese is recommended. 

Iron and Steel. 0.5 to 1 gram of steel is dissolved by heating with 30 to 
.50 cc. of dilute nitric acid (1.135). The volumetric method by oxidation with 
sodium bismuthate is g.merally recommended, no separations of other substances 
being required, as nningancse may be detemuned directly in the sample. 

Pig Iron. One gram of the drillings is dissolved in 30 cc. of dilute nitric acid 
(1 .1 35 sp.gr.), and as soon as the action has ceased the sample is filtered through a 
7-cm. filter .and the residue washed wdth .30 cc. more of the acid. The filtrate 
containing the manganese is now treated according to the procedure for steel. 

* Brearly and Ibbotson state that although neither timgsten nor hydrofluoric acid 
interfere with the hisumthato method of determining niangannsc, the two combined 
lead to erratic results, hence the removal of hydrofluoric acid is necessary. 
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SEPARATIONS 

This section includes methods of special sej>aKitions of manganese from 
elements that may interfere in its determination. As is freciuentlj' the case, 
isolation of manganese is not nec'cssary, sim’o it may be determined volunietri- 
cally in presence of anumlier of elements, which would interfere in its gravimetric 
detennination. I’he analyst should be suflicicntly familiar with the material 
to avoid needless manipulations, which not only waste time, but frequently lead 
to inaccurate results. 

Removal of Elements of the Hydrogen Sulphide Group. This sepa- 
ration may be rtviuired in the analy.sis of certain alloys wIktc a separation of 
manganese finm copper is reejuired. 

The a<’id solution containing about 4'^', of free hydro<'hloi‘ic acid (sp.gr. 1.2), 
is saturated with hy<lrf)gen sulphide and the .sulphides filtered o(T. Manganese 
passes into the filtrato. This treatment will elToc;t a s(*paration of manganese 
fronx mercury, lead, bismuth, ca<lmium, copper, arsenic, antimony, tin and the 
less common elements of the group. 

Separation of Manganese from the Alkaline Earths and the Alkalies. 

The stiparation is occasicmally retiuirnd in the analj'sis of c’laj's, limestoni;, 
dolomite, etc. It is re(iuired in the complete analysis of onis. In the usual 
course of a comidetc analysis of a sub.slance, the filtrate from the hydrogen 
sulphide group is boiled free of II 2 S and is trealed with a fiw cc. of nitric acid 
to oxidize the iron. The solution is nmde slightly amiuoniacal with ammonia, 
in presence of ammonium chloride, whereby iron, aluminum and chromium are 
prccipitattHl as hydroxides. The filtrate is treated with hydrogen sulphide or 
colorless ammonium sulpliiile, w’hereby manganese, nickel, cobalt and zinc are 
thrown out as sidphides and the alkaline earths and alkalies remain in solution. 

Separation of Manganese from Nickel and Cobalt 

The free acid of the sulphate or chloride solution of the elements is neutralized 
with sodium carbonate and a slight oxi-ess added. It is now made strongly acid 
with acetic acid and 5 grams of ammonium acelate added for every gram of nickel 
and cobalt present. The solution is now diluted t<» al>«)ut 200 c«*.. and saturated 
with hydrogen sulphide, wheri'by nickel and cobalt are pretnpitated as sulphides 
and manganese remains in solution. 

Separation of Manganese from Iron and Aluminum, Basic 

Acetate Method 

The procedure effects a S(!paration of iron, aluminum, titanium, zirconium 
and vanadium from mangane.se, zinc, cobalt and nickel. 

The separation deptmds upon the fact that solutions of acjjtates of iron, 
alumimun, titanium, zirconium and vanadium am decoiiqM)sed when heatecl 
and the insoluble basic acetates precipitated, whereas the acetates of manganese, 
zinc, cobalt and nickel remain undecomposed when boiled for a short time. 

Fe(C,H 30 ,),+ 2 H 0 II =2HCJIaO,+FeCOH), • CaH,0,. 
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The solvftnt iiotion. of the liberated acetic acid is prevented by the addition of 
sodium acetate » which checks ionization of the acid. The method requires care 
and is somewhat tedious, but the nssults attained are ex<!ellent. 

Procedure. To the cooled aci<l solution of the chlorides is added a concen- 
trated aqueous solution of sodium carbonate from a burette with constant stir- 
ring until the i>recq)itntc that forms dissolves slowly. A dilute solution of the 
carbonate is now ailded until a slight permanent oiialescence i.s obtained. With 
the weak reagent and careful addition of the carbonate di-oj> by drop the proper 
neutralization of the fn-e acid is obtained. AVith considerable iron present the 
solution apf)ears a <lark rod color, fading to colorless as the quantity of iron 
docreas(‘s to a mere trace in tlie soIuti< i. 'I’liree cc. of acetic acul (sp.gr. J.044) 
arc; added to dissolve the slight j)r('cipitjite. I'he inoni perfect the neutralization 
before lieafing the less amount of r<‘agent retjuired for jirecijiitaling iron — an 
excess of reagent does no harm. If this do<‘s not clear the solution in two 
minutes, more acetic acid is added a drop at a time until the solution clears, 
allf)wing a minute or so for the rciaction to take place with each addition. The 
solution is diluted to al)out .')()() cc. and hc'ated to boiling and 6 cc. of a 80% sodium 
acetate .solution atlded. 'I’he solution is boih'd for one minute and removed 
from the flame. (Longer boiling will form a gelatinous precipitate, difficult to 
w.Msh and filter.) Tin; j)reci])itato is alh>WJ*d to .settle for a minute or so, then 
filtered, while the Ihjuid is hot, through a ra])id filter and washed with hot, 5% 
sodium acetates s«)lulion three times. The aix'x of the filbir is punctured with a 
glass stirring rod atul the precipitjite washed into tin; original bcjiker in which 
the precipit.ation was nuulc with a fine strejim of hot, 1 : 1 liydrochloric acid 
solution from a wash bottle. (Dilute lINOj may be used in place of IK'l.) 

A second precipitation with imutralization of the acid and addition of sodium 
acetate is made exactly as dinicted abov<!. It is advisiible to evaporate the solu- 
titm to sm:dl volume to exiiel most of the free iniiu'ral acid before addition of 
Xa/^Oa to avoid largo c|U.*infities of this niagent. The filtrates contain man- 
ganese, zinc, cobalt and nick<‘l; the pnicipitate iron, aluminum, titanium, zirco- 
nium, vanadium. 

Separation of Manganese as the Dioxide, Mn02 

The procedun^ is of spc<‘i.‘il value in the comjdeto analysis of ores where a basic 
ac<!t,ate s<q>aration of iron and aluminum luis been luaUe., ami a gravimetric esti- 
mation of other constitxients in the solution are desired. 

The procedure fk'iiends U])on the principle that manganese in a dilute solu- 
tion of manganous salt is oxi<lized to manganese dioxide and so preoipitated, 
when boiled with bromine or certain other oxidizing agents: 

Mn( U 2 -blir,+ 2 IlaO =Mn02+2HCl-b2IIBr. 

I’he free acid fonned by tlu; reaction must be neutralized cither by ammonia 
or by the presence of a salt of a wt^ak acid such as sodium acetate, otherwise 
the precipitation of manganese will be incomplete. In presence of ammonium 
salts much of the bromine is used up reacting with ammonia, 

MnCU+Br»+3NH3+2II.0 = Mn02-|- 2X11,01-1- NH^Br+HBr. 

' Sodium lU'ptate is iirefcrrt'd tf) .ammonium acetate, though the latter may I)e used. 
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At the same time an acid is fonued, which reacts with the fnu? ninmoiiia. It 
is necessary to have the solution ainmoniacal throughout the reaction to pre- 
vent resolution of the manganese. 

Procedure. To the solution containing manganese is added 4 to 5 grams of 
sodium acetate (unless already present in excess), the solution being diluted 
to about 200 cc. Bromine water is added until a distinct color of bromine is 
evident. The mixture is boiled and kept boiling for ten to fifteen minutes, 
additional bromine being added in small portions. The precipitate is allowed 
to settle and filtered off. The filtrate is boiled with additional bromine to 
ascertain whether the manganese has been completely removed from the solution. 

If ammonia is present, as is frequently the case, it is advisable to add more 
of the reagent from time to time, the solution having a distinct odor of ammonia 
after the last portion of bromine has been added. When large amounts of 
manganese are present, several separations may bo required to remove the element 
from the subsequent filtrates. 

The precipitated dioxide may be dissolved in sulphuric acid and manganese 
determined volumetrically or gravimctrically. 

It may be ignited directly and weighed as Mns() 4 . 

It may be evaporated with sulphuric acid and manganese determined as 

MnS 04 . 

Manganates of zinc or calcium will be preci))itaied if pmsent in large amounts. 

Manganese may also be ])recipitated by ammonium i)crsid})hatc in an ammouiacal 
solution, potassium chlorate and chloride of lime in presence of zinc chloride in a 
neutral solution.^ 


GRAVIMETRIC METHOD 
Determination of Manganese as Pyrophosphate 

Manganese is precipitated as anunonium manganese phosphate, NIl 4 MnP 04 , 
and then ignitiul to pyroi)hosphate, Mn^PiO?. 'I’he method is known as Gibbs’ 
Phosphate l*rocess.> 

Procedure. The cold solution of manganese chloride * obtained as directed 
in previous sections, should be diluted so as to ct)iitain not over 0.1 gram of 
manganese oxide equivalent per 1(H) cc. of solution. A cold saturated solution 
of anmionium sodium phosphate (microcosmic salt, 170 grairs i)cr liter; 0 cj;. 
precipitates an equivalent of 0.1 gram of the oxide) is now added in slight ex<;ess. 
The solution is made strongly aminoniacal and heated to l oiling, the boiling being 
continued until the precipitate becomes crj’stalline. Aft<*r allowing to settle 
until cold, the precipitate is filtered off (tlic filtrate being testt'd with more of the 
precipitating reagent to assure that an exc(‘ss had been added), and dissolved 
in a little dilute hydrochloric or sulphuric acid. 

Reprecipitation of the phosphate. The free acid is neutralized with ammonia 
added in slight excess until the odor is quite distinct, the solution heated to 
boiling, and a few cc. of additional phosphate reagent added. The crystalline 

* J. Pattinson’s Method, Jour. Chem. >Soc., 35, 305, 1890. 

•Gibbs’ C.N., 17, 195, 1868. 

* Some analysts prefer to add the phosphate reagent to the strongly ammoniacal 
solution, boiling hot. 
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precipitato is filtornd into a weighed Gooch crucible, washed free of chlorides 
witli very dilute auimonia (AgNOa-HlINO* test), dried and ignited to the pyro- 
phosphate. The ignition is conducted, as in case of magnesium, by heating first 
over a low flame and gradually increasing the heat to the full power of the 
burner. The final residue will appear white or a pale pink. 

MnjPjOTX 0.4996 =MnO, 

Mn*P,O7X0.3869 =Mn. 

Notes. Zinc, nickel, copper and other elements precipitated as phosphates should 
be absent from the solution. The separation from iron is generally made by the Imsic 
acetate method and manganese precipitated from the filtrate, free of other elements, 
as the peroxide MnOg, by means of bromine added to the ammoniacal solution. Other 
oxidising reagents may be used, as has been stated. The dioxide is dissolved in 
strong hydrochloric acid and the above {.rccipitation effected. 


VOLUMETRIC METHODS 

Bismuthate Method for Determination of Manganese ^ 

The method is based on the fact that a manganous salt in the presence of an 
excess of nitric acid is oxidized to permanganic acid by bismuth tctroxidc. The 
permanganic acid foru'ed is very stable in nitric acid of 1 .135 sp.gr., when the solu- 
tion is cold, but in hot solutions the excess of the bismuth tetroxide is rapidly 
decomposed, and then the nitric acid reacts with the pennanganic acid, and, as 
soon as a small amount of manganous salt is formed, the remainder of the per- 
manganic acid is decomposed, manganous nitrate dis.solvcs, and manganese 
dioxide precipitates. 

In the cold, however, the excess of the bismuth salt may be filtered off, and 
to the clear filtrate an excess of ferrous sulphate added, and the amount necessary 
to deoxidize the permanganic acid detenuined by titrating with pennanganate. 
The end reactions are very sharp and the method is extremely accurate, but the 
presence of even traces of hydrochloric acid utterly vitiates the results. As 
pointed out by lleddrop and Ilamage, bismuth tetroxide, which was used by 
Schneider, is difficult to obtain free from chlorides, and they recommended sodium 
bismuthate, which they prepare as follows: Heat 20 jiarts of caustic soda nearly 
to redness in an iron or nickel crucible, and .idd, in small quantities at a time, 
10 parts of basic bismuth nitrate, previously dried in a water oven. Then 
add 2 parts of sodium jx^roxide and pour the brownish-yellow fused mass on an 
iron plate to cool; when cold, break it up in a mortar, extract with water, and 
collect on an asbestos filter. The ro.sidue, after being washed four or five times 
by decantation, is dried in the water oven, then broken up and passed through 
a fine sieve. 

Nitric acid (sp.gr. 1.135). A mixture of 3 parts of water and 1 part of 
strong nitric acid. 

Nitric acid (3%). Thirty cc. of strong acid to the liter. 

Permanganate Solution and Ferrous Sulphate Solution. One gram of 
potassium permanganate to the liter gives a solution of convenient strength, 
and 12.4 grams of ferrous anunonium sulphate and 50 cc. of strong sulphuric acid, 

*A. A. Blair, “Chemical Analysii^ df Iron,” J. B. Lippincott Co., I*ub. 
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made up to 1 liter, gives a solution whicii is almost cxtn^tly e<iual to the per- 
manganate solution. As the strength of the ferrous sulphate solution changes 
quite rapidly while the pennangiuiatc remains unaltered for mouths, it is 
unnecessary and troublesome to keep them of the san'o strength. By using a 
constant volume of the ferrous sulphate solution and testing it against the per- 
manganate solution every day, the calculation of the results is very simple. 
It is necessary that the conditions should be the same in getting the strength 
of the ferrous solution as in titrating a solution for manganese, and after many 
experiments the following method was adopted: Measure into a 200-cc. flask 
60 cc. of nitric acid (1.135), cool, and add a very small amount of bismuthate, 
dilute with 50 cc. of 3% nitric acid, filter into a 3()0-cc. flask, and wash with 50 cc. 
of 3% nitric acid. If the felt is well coated with bismuthate it is unnecessary to 
add any to the nitric acid in the flask, as filtration through the mass of bis- 
muthate on the felt will answer the purpose. Run in fn)m the pipette (sen Fig. 
46) 25 cc. of ferrous sulpluite solution and titrate with the permanganate to a faint 
pink. This gives the value in permanganate of the ferrous sulphate solution. 

The permanganate solution may be standardized in three ways: 

First, by getting its value in iron, in tha usual way, and calculating its value 
in manganese. I’lie proportion is 6Fc : Ain or 279.2 : 54.93 =0.1967. 

Second, by titrating a steel containing a known amount of manganese and 
getting the value of the solution by dividing the percentage of manganese by the 
number of cc. of the pennanganate us(id. 

Third, by making a solution of pure manganese sulphate and determining 
the manganese in it by evai)orating a w<!ighed amount t)f the solution to dryness, 
heating to dull redness, and weigliing as manganese sulphate, which, multiplied 
by 0.36377, gives the amount of manganese. Five grams of t’.P. manganese sul- 
phate dissolved in 6(K) cc. t)f water and filtered will give a solution containing 
about 0.0035 gram of manganese to the gram of solution, ^^'eigh 1 to 3 grams 
of the solution in a cniciljle, transfer to a 2(M)-cc. flask, using 50 cc. of nitric acid 
(sp.gr. 1.135), cool, and add 0.5 to 1 gram bismuthate, and allow it to stand for 
three or four minutes, shaking at intervals. Add 50 cc. of 3% nitric acid and 
filter through the asbestos filte^r and wash with 50 or 60 cc. of the same acid. 
Run 25 cc. of the ferrous sulphate solution into the flask from the j)ij)ette and 
titrate with the pennanganate solution to a faint pink. Subtract the number 
of cc. of the permanganate solution obtaiiUKl from tlie value of the 25 cc. of the 
ferrous sulphate solution in permanganate, and the re.sult is the number of cc. 
of the pennanganate corresponding to the manganese in the manganese sul- 
phate solution used. Divide the weight of the manganese in the manganese 
sulphate used by the number of cc. of permanganate and the result is the value 
of 1 cc. of the permanganate solution in manganese. 

Example. One gram manganese sulphate solution contains 0.003562 gram 
manganese; 2.0372 grams manganese sulphale solution equal 0.0072565 gram 
manganese; 25 cc. ferrous sulphate srdution equal 24.5 cc. pennanganate solution; 
2.0372 grams manganese sulphate solution, after oxidation and addition of 25 cc. 
ferrous sulphate solution, require 3.0 cc. permanganate solution; 24.5 cc. —3.6 cc. 
=20.9 cc.; 0.0072565 divided by 20.9 =0.(MK)3472, or I gram permanganate 
equals 0.0003472 gram mangani'se. If, then, 1 gram of steel, after oxidation 
and addition of 25 cc. ferrous sulphate solution, requires 6.2 cc. permanganate 
solution to give the pink color, 24.5 —6.2=18.3 X 0.0003472 =0.006354 gram, 
or the sample contains 0.635% manganese. 
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Procedure. Tho nitric Mcid solution of the sample placed in a 200-cc. 
Erlcnmcycr flask is treated as follows: 

Cool, and add al)out O.o gram of bismuthate. The bismuthatc may be 
measured in a small spoon, and exjKjrience will soon enable the operator to judge 
of the amount with sufficient accu- 
racy. Heat for a few minutes, or 
until the pink color has disappeared, 
with or without the precipitation of 
manganese dioxide. Add sulphurous 
acid, solution of ferrous sulphate, or 
sodium thiosulphate, in sufficient 
amount to clear the solution, and 
heat until all nitrous oxide has been 
driven off. Cool to about 15® C., 
add an excess of bismuthate, and 
agitate for a few minutes. Add 50 cc. 
of water containing 30 cc. of nitric 
acid to the liter, and filter through 
an asbestos felt on a platinum cone 
into a 300-cc. Erlenme 3 'cr flask, using 
suction (see Fig. 45), and wasli with 
50 to 100 cc. of the same acid. Ilun 
into the flask from a pipette (Fig. 46) 
a measured volume of ferrous sulphate 

solution and titrate to a faint pink color with iwnnanganato. The number of 
cc. of the poniuinganate soIuti»)n obtaiiKxl, subtracted from the number corre- 
sponding to the volume of ferrous sulphate u.sed, will give the volume of irer- 
maiigaiiale ciiuivaleiit to the manganese in tin; .sample, which, multiplied by the 
value of the penuangaiiato in manganest;, gives tho amount of manganese in the 
sample. 

Notk. In tho aiifdysis white, iroiw it mjiy bo nocoasary to treat the solution 
several thnos with l)isniuthato to destroy tho eoinbinod carbon. Tho solution, when 
cold, should bo msirly colorless; ii' not, anotlur treatment with bismuthate i.s necessary. 


Fia. 45. 



Notes and Precautions 

Special Steels.. Steels contjiining <4ironium oflFcr no special difficulties, except 
th.at it must 1)0 noteil that while iii hot solutions the chromium is oxidized to chromic 
acid, which is reduced by the tiddilion of sulnhurous acid, the oxidation proceeds so 
slowly in <'old solutions th.at if there is no delay in the filtration and titration the 
results are not affected. Steels containing tungsten are sometimes troublesome on 
account of the necessity for glutting ri<l of the tungstic acid. Those that decompose 
readily in nitric acid may bo filtered and the filtrate treated like pig iron, but when 
it is necessary to use hydrfxihloric acid it i.s bo.st to treat with aqua regia, evaj)orate 
to dryness, redissolve in hydroehloric acid, atld a few drops of nitric acid, (iilute, 
boil, and filter. ( let ri<l of every trace of hydrochloric acid by rcjieated evaporations 
with nitric acid, and jiroceed as with an onlinary steel. 

Tho delicacy of the reaction of manganese in nitric acid solution with sodium 
bisn)uthato is extraordinary; 0.000005 gram of manganese gave an appreciable color 
in 60 cc. of solution. 

As will bo seen in the des<;ription of the various methods of solution, the use of 
hydrochloric acid has been avoided, because the presence of even traces of thia 
reagent is fatal to the accuracy of the method. Where it is impossible to avoid its 
use, and its presence is suspected in the final nitric acid solution, the addition of a 
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(ln>p or two of silver nitrate will ovoreonic the difficulty, but the filter must be 
rejected after usin^ it for filtering a solution so treated. 

Any form of asbestos filferiiiK tulie may be used for filtering off bismuUuite, but 
the perforattnl cone with l)C‘ll jnr is the most satis'ac^tory, because it has the largest 
area of filtering scTviee. One; may be iisetl for fifty or more determinations, 

and the time oc<*upied in filtering and washing one determination is only from one 
minute and a half to three; minutc‘s. The filtrate must be elear, for the letist par- 
tiele of bismuthate carried through will vitiate the result by leaeting with the excess 
of ferrous suljdiate. As soon as the filtration and wasliing arc; coin])let(*d, the ferrous 
suljihate should be addc'd, and the; e\c<‘ss titrated with the permanganate solution, 
as the pennanganie ac‘id giadually de<;om]>oses on standing, and the wanner the 
solution the more rapid is the d(H‘oni])Osition. At a t('in])('ratur(; of 5"* (\ the solu- 
tion will rcmuiin unaltcTcal for S(‘vc‘ral hours, l)ut at 10" (^, firteeu minute's will show 
an apprc'ciablo change. The; larger the amount of manganese the more ra] rid the 
change?. 

It is es])cciully important not to allow' the solution to stand after adding the 
fenous sulphate, as the; exce'ss of this rexige'iir revicts with the nitric acid in a few' 
minute's and the forii ation of the; s i allc'st a count of nitrous oxide is fatal to the 
accuracy of the deteru ination. Tor this re'ason it is iuiportant to l)e)il off every trace 
of nitrons oxide whem, in the earlier jxart of the operation, sulphurous aciel or other 
deoxidizing agemt is added. 

Whc'n working with stcM'ls of unknown mangaiu'se conteuit, it may often happen 
that lil5 cc. of ferrous sul])hate; solution are insuffieie;nt to entirc'Iy redu(*o the iicrniam 
ganic acid, in whie*h case; an adelitional amount iff fernms sulnliate juust be addl'd. 
It will bo notie'ixl that the solution of jiermaiiganie; acid upon the addition of an 
insuffic'ic'nt amount of ferrous sulphate; doi'S not ni'cessarily re'lain its ]rink or purple; 
liolor, but usually changes to a dirty brown. Wheai this oi'curs 10 cc. more of fe;rrems 
sulphate is adde;d to the; flask and the value of the two additions tal.e»n as the amount 
from which the nun'be;r e)f cc. of jienuanganate, e;orre?si)on<ling to the exci'ss of fer- 
rous sulphate, must be subtracte<l. When the sample is low in manganese, the 10 ec. 
ferrous sulphate alone n ay be; used. 

Thc'se; is no advantage; in using permanganate solutions differing in strength from 
the one givi'n abo\e, but the strc'iigth of the ferrous sulphate solution may be 
changed to n:e?et sjiecitil cases. 


Volhard’s Method for Manganese ^ 

The inothod is based on the principle that when potassium permanganate is 
added to a neutral manganese salt all of the manganese is oxidized and pre- 
cipitated. When this stage is reached any excess of permanganate is imme- 
diately evident by the color produced. The calemlatiou of results may bo based 
on the reaction, 

3MnS04+2KMn04+2H20-5Mn02+K2S04+2H2S04, 

or 

5ZnS04“|-6MnS04H — lKMn04-l" 141 1 2 O = 4TvIIS04-f"7H2S04-4”5ZiiH2 • 2]VIn03, 

the ratio in either case being 2 KMn 04 = 3 Mn. 

Procedure. '^Fhe material decomposed with hydrochloric and nitric acid 
anil taken to fumes with sulphuric aciel, as state;d for the preparation of the 
sample, is cooU;el and boil(;d with 25 cc. of wati'r until the anhydrous ferric 
sulphate has dissolved and continue as follow's: '^Fraiisfer the mixture to a 500-cc. 
graduated flask and add an emulsion of zinc oxide in slight excess to i)recipitate 
the iron (C.P. ZjiS() 4 prccii)itate(l by KOH added to slight alkalinity. The 
washed precipitate is kept in a stopp(;reel bottle W'ith sufficient water to form 
an emulsion). 

' A. H. Low, Technical Me;thods of Ore Analysis, 7th Ed., John Wiley & Sons 
Pub. (See procedure for Analysis of Spiegel Iron.) ' 
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AKitsito tho flask to facilitato tho poicipilatioii and soo tliat a slisdt rxcossof 
zinc oxide mnains wlicii tlio rc'action is complcU!. Now dilute tlie <*ontciils of 
tlie flask up to tho mark with cold water, mix thorouRhly and allow t.) stand a 
short time aiul partially settle. ]iy means «)f a Kraduale<l pijwtte dra.v off 
100 cc. of th(5 elear supernat.iiit liquid and transfer it to an S-oz. flask. While 
the pr(*(n|)itale in tlxi 500-ee. flask jeay a])p(!ar lai’se, it actually occupies hut a 
very small s|)ace, and any error caus«‘d hy it m.ay eonseciucMitly ho ncKlectod. 
likewise tho error in nuiasurenient due to clian^e of tesmperaturo durinj; the 
nmnipulation is iusifrnilicant. Heat tho s«>lution in the small flask to hoiliiiR, 
add two or three drops of nitri<i acid (which causes the suhse(|u<!nt ])recipitaU! 
to settle more (juickly) and titrate with a standard solution of ]>otas.-;ium j)er- 
mangatiato. 1’he permaiiKaiiato causes a precipitate which clouds tho licjuid 
and it is thenifon' nec(;ssary to titnito cautiously and aKitalo the flask after 
each addition, and then allow tlie jn-ecipitahi tf> scdtle .sufli<‘iently to ohserv <5 
whether or not the solution is colomd i)iiik. A little exi>erience will enable 
one to judge hy tho volunu; of the juvcipilalcj formed, about how rai)i<lly t») 
run in the permauganato. The final pink tinge, iialicating the end of tho reac- 
tion, is best ohs(!rved hy holding tho ll.ask against a wliilo background and 
«)hserving tho upper edges of (ho li((uid. When this ])oint is attained, bring tho 
contents of the flask iH'arly to a boil once mons and again observe if tlx? jiink 
tint still persisls, adding mor<; ])ermangan:ito if ix*c(‘ssary. In making Ibis ond- 
test avoid actually boiling tlxi Ixpud, as a continual d(‘struction of tlx? c-olor may 
sometimes thus bo effected and the true eixl-}>oint consid(*rably ])assed. '\\‘lx!n 
the color thus remains ]>t?rmanent the o]>eration is eixled. Observe tlx? number 
of cc. of permanganate solution used aixl calculate tlx* result. 

It is customary to use tho saiiio peniianganate solution for both iron aiid man- 
ganese. ilaving determined (ho factor for iro??, this may be n ultiplied l)y O.'JP.'i'J 
to obtain the factor for manganese. It will be ob.s<*rve«l that 2 KMn 04 aro rcepiired 
for 8IVIn, aixl in (ho rojiction for iron (hat ‘JKMtdb aro r<!(|xired f«)r lOKe. 'I'hc*rc'- 
foro .5r>8.4 i>art.s of iron are cquivalont to ltil.70 parts of manganese, or, 1 jmrt of iron 
to 0.2051 part of manganc.se. 

3 MnS 04 -|- 2 KMn 04 4-211*0 = 5MnO* -|-KsS04 4-2112804, 

1 0FeSO44-2KMnO4 4-8HsS04 = 5Fe*(S04)3 4 - 2 MnS 04 4 -K*S 04 4 - 8 H» 0 . 

Ammonium Persulphate Method for Determining Small Amounts 
of Manganese by Colorimetric Comparison or by Titration 

The process dcjicnds upon tho oxidation of manganous salts to perman- 
ganate by ammonium persulphate in presence of a catalytic agent such as silver 
nitrate : 

2Mn(N0,)24-.'>(NH4)2S20*4-8n*0=.5(NIl4)2.S044-r>IhS044-41IN(b4-2IIMnf)4. 

Tho reaction takes place etiually well in sulidmric or in nitric acid solution, 
or in a mixture of tho two. Tho esst‘ntial iioint is the presence of a sufficient 
amount of silver nitrate catalyst. 

Procedure. One gram of ore is dissolved in hydrochlorie acxl, followed by 
sulphuric and taken to fumes as din?<*totl under Preparation and Solution of the 
Sample. I’he suli)hatc taken up with water is made to a volume of 100 cc. If 
the color comptiri.son is to be matle the solution siiould be filtered tl rough a 
dry filter, othemise the filtration may bo omitted. Twenty cc. (equal to 0.2 
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gram) of the material is taken for the test. In the ease of steel, 0.1 tf> 0.2 gram 
of the drilling, dissolved in dilute nitric ac‘id, is taken. 

Oxidation. Tho solution is transferred to a test-tube, IXIO ins., if tlie 
color comparison is to bo made, or into a loO-ee. 1‘lrleumcyer flask, if tlio sample 
is to bo titrated. Fifteen cc. of silver nitrate solution (1.5 grams AgXOa j)cr 
liter of water), are added; the solution iMjated to NO to 90° (b by placing the 
receptacle in hot water, and then 1 gram of ammonium persulidiato added. When 
the color commences to develoj) tho sample is cooled in cold water, while the 
evolution of o.xj'gen continues. The sample is i)ounid info the comparison tube 
and the color compared with that obtained from an ore or steed sample of known 
manganese content, run in the same way. 

In the titration method tho solution in the Erlcnmeyer flask is diluted to 
about 100 cc., 10 cc. of 0.2% sjvlt solution added, and the sam])le titrated with 
standard sodium arsenite until the permanganate color is destroyed. 'Fhe cc. 
of tho reagent used multii)lied by the factor ptsr cc. in terms of manganese 
equals weight of manganese in tho sample titrated. 

Note. Arsonious acid reagent is made by dissolving JO graii'S of arscnious oxide 
in water containing 8U grants of sodium carbonate. The solution is diluletl («) I litt'r. 
126cc. of this solution arc diluted to2(MM) cc. This latter re.agent is standardi/t'd against 
an ore or sample of steel ()f known manganese content, following the directions given 
under the ]>roecdure outlined. 

Oxidation of Manganese to Permanganate by Red Lead 

lied htad oxidizes manganese in nitric acid solution to ])eriiianganiit(!. The 
method is suitable for detc’rmining this element in steid and iron in ])resence 
of molybdenum, aluminum, tungsten, copper ami nickel, in amounts such as 
are apt to 1)0 jiresent. 'Fho method is given in the chapfer on Iron in the 
Analysis of Iron aiul Steel, page 227. 

ANALYSIS OF SPIEGEL IRON FOR MANGANESE i 

Procedure. Weigh 0.5 gram of the stimple in a 250-cc. beaker, add 40 cc. 
dilute IlXOs (1-2), cover witli a watch-crystal, heat over Ihmstm burner and 
finally ex))el nitrous fumes by boiling down to a small volume (5 cc.).* Wash 
into a 500-cc. graduated flask, fdl about half full, neutralize with an emulsion of 
zinc oxide, adding enough to jmecipitate tlie iron and a slight excess.* Dilute t«) 
the mark, shake well, jjoiir into a (iOO-cc. beaker and mix bj’ ]>ouring back into the 
fl.isk and then into beaker. Allow the precipitate to settle, decant off two JOO-cc. 
imrtions of clear solution into 350-ce. casseroles. Add JOO cc. water, heat to 
boiling and titrate with standard KMnO^, stirring thoroughly with heavy glass 
rod. Run in about 1 cc. at a time until the end-point is jiassed.^ Titrate the 
second portion, running it up to within 1 cc. of the end-point, and finishing a drop 
or two at a time, stirring thoroughly between each addition.* The burette 
reading gives percentage of Mn directly. 

* Procedure communicated to the author by Dr. Drcyer. 

*It is necessary to boil off nitrous fumes, as they will consume KMnOi. 

’Always test the zinc oxide for reducing substances. 

*In samples in which the percentage of Mn is known approximately, almost 
the full amount of KMn 04 can be adderl at once. 

•Do not mistake the reflection of precipitated MnO* for excess of KMn 04 . 
If pioi)erly carried out the MnOs should collect in center of casserole. 
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Preparation and Standardization of Permanganate.^ Dissolve 23.23 
grams C!.P. ]vMn 04 in 12 liters of distilled water, sliake thoroughly and allow to 
stand a wetik or two before using. 

Standardization. Wcugh .I.") gram C.P. sodium oxalate (Bureau of Standard.s) 
into a 4()0-e(*. beaker. Dissolve in 200 to 250 oc. hot water (80 to 1K)°), add 10 cc. 
(1 : 1) sulphuric acid. Titrate at once with KMn 04 , until 1 drop gives a per- 
manent pink. 

When .15 gram sodium oxalate is taken, it should comsume 30.87 cc. KMn 04 , 
if the permanganate is of correct strength, i.e., 1 cc. =1% in .1 gram sample 
titrated. 

*’l'he Stainl.ardization of KM «i 04 solution by Sodium Ox.al.ato, McBride, .J.A.C.S., 
31, Aliller, “(Quantitative Analysis for Mining Knginoojs.” 



MERCURY 

WlLKKKI) W. Sc(iTT 

Hg, at.wt. 300 . 6 ; np.gr. !:{..<>».>; ' m.p — 68 . 0 ° h.p. 357 . 33 ° C; ‘ oxides, 

Hg,(), IlgO. 

DETECTION 

Metallic mercury is roco^jinized by its jdiysical ])r()))erlii's. It is tlio only 
metal which is a Ihiuid al ordinary (('mix'ialnres. 'I'lie ehanent forms a convex 
surfaces wlu'ii placed on {jlass. 

Mercury in the mercurous form is jsrecipitated by hydrocldoric acid as white 
mercurous chloride, IIn(*l. This compound is clian}j(‘d by ammonium hydroxide 
to the black precipitates of nustallic me'rcury and nitrogem eliliyelresgesn mesremric 
chlesriele.® 

Me'rcury inthe.‘ mesreurie' fesrm is not pre*cipitale'd by hydreichlories aciel. Tlie 
sulphides esf the e'lesmesnt is thrown e»ut from an acid solution as black IlgS. 
The pnse*i])i(ate (ii'st JipiKsai’S whites, changing tej eerange'-ycllow, tlu'ii bretwn 
and finally to black, as the Ib-S gas is passeel into (hes solution. The elesme'nt 
is elistinguishe'el fretm the otluT mestnbe'rs of ti es gre)U]> by the inseslubility esf 
its sul))hieles in ye'llesw aminemium sulphiele anel in dilutes nitric ae'iel. 

If th's me'rcury sulphieles is elissolve'el in a'lU.a re'gia, the nitric ae*iel e'xpeslh'el 
by taking te» elryne5.ss, thesn aeleling hyelreichheric a<'iel a’lel esvajseerating again to 
elryiH'ss, the re'sielues take'ii up v. ith a little hyelreschlesric iie-iel, elilute'el with water, 
anel tresatesel with a seelutiem esf stemimus chlesri.le, a whites jsrese-ijsitatc eef nier- 
curesus eshlesrielcs is first feumeel, which is furthe'r re'elue-e-el to metallic mesreury by 
an excess of the reageut. 


ESTIMATION 

Thes metal is fesunel frese in the uppe'r pesrtiesns esf cinnabar elespessits. As 
an amalgam with .silvesr it esccurs in hesrn silve'r. Cinmibar, IlgS, is tlie eady ore 
e)f mesreury esf cesmme-rcial impeertane'e*. I’hes ele'iuent has be'e'ii feamel in epiartz, 
sanelsteaic, schists, irem jsyrite-s, bituminenis substane’ess, erujstives iinel seselimontary 
re>cks of all agess. It esea'urs in sulishieles ore's of other me'tals — esspeciall}' in zinc 
ores. 

Preparation and Solution of the Sample 

It will be rocallesel that nitries aciel is thes be'st seslve'iit fen- the metal anel its 
amalgams. Thes esxiele’s are in.seilubles in alkalie's. Me're'urie' esxiele is eli.sseslvesel 
by aciels. Hyelre)'*h| irie' !i< iel feerms mesre'urems chlesriele with thes leswesr esxiehs, 
insoluble in elilutes hyelrese'hlesric ae'iel. 

^Van Xedlranel’s f’he'ai. .\iimial -Olse'ti. 

®(M«5ular (‘Jel Kel.) U. S. Hiire'aii Oi" Sljineliirels. 

•Prescott anel Jolmsem, “(Qualitative Chemical Auiilysis.” 
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Ores. If niercury is to be detem lined Jiy the dry procedure, tlie finely 
ground sample may be mixed directly with the flux and determined as directed 
later. 

I'or the wet metliods tlic ore is docom[)osod in a covered porcelain dish witii 
a(iua regia, heating gi;ntly. '^I’lie solution is evaiiorated to dryiu'ss on the v\at(;r 
bath. 'The resulue is taken up with hj'drocliloric acid and again evaiiorated to 
dryness to exiiel the nitric acid. 'Plie residue is again <lissolved by adding a lit(l«? 
hytlroithloric acid. Mercury will now be in solution and may be determined by 
precipitation as mercuric sulphide by the gravinu'trie procedure. 

For opening up the ore for the volumetric inetliod by Seamon see method 
at close of the chajitei’, page 27-1. 


SEPARATIONS 

Separation of Mercury from the Iron and Zinc Groups, or from the 
Alkaline Earths and the Alkalies. Mercury is precipit.ated as a sulphide 
from an acid .solution of the menairii! salt by hydrogen sulpliide, togelh<!r with tlic 
meinbei*s of the hyilrogen sulphide gi'ou]). Sufliciiint aciil should bo iiresent 
to jirevont the precipitation of zinc .sulphidi'. Iron, aluminum, chromium, 
mangan(‘.se, cobalt, nicktil, zinc, the alkaline earths ami tlie alkaluis nanain in 
solution. 

Separation of Mercury from Arsenic, Antimony, and Tin. The sul- 
phides obtained by passing hydrogen .sulphide into an acid .solution, preferably 
of the chlorides, are iligested with yellow ammonium sulphide solution. Ansenic, 
antimony and tin dissolve, wliereas mercury sulphide remains insoluble. Sul- 
phides of the fix<‘d alkaluiS dissolve mercury as well as arsenic, antimony and tin, 
so cannot be used in elhicting a separation. 

Separation from Lead, Bismuth, Copper and Cadmium. These elements 
remain Avith inenairy upon mnoval of .‘irsenic, antimony and tin as their sul- 
phides are insoluble in ammonium .sulphi<le. (CuS slightly soluble.) The pre- 
cipitated sulphides are transferreil to a jiorcelain <lish and boilcnl with dilute 
nitric acid, sp.gr. 1.2 to After ililuting slightly with water the solution is 

filtered and the residue of mercuric sulphide washed with dilute nitric acid and 
finally with water. If much lead is pri'sent in the solution it is ajit to contami- 
nate the residue by a portion being oxulized to lead sulphate and remaining in.sol- 
uble. In this ca.so the residue is treateil wit h aijua regia, the solution diluted and 
mercury chloride filtered from PbtS ()4 and fn;o sulphur. Mercury is best deter- 
mined as llgS by the ammonium sulphule method described later. Traces of 
lead do not interfere, as lead is completely I’emoved by remaining insoluble in 
potassium hydroxide, whereas mercury suli)hide dis.solves. See method. 

Separation from Selenium and Tellurium. 'I'he mercuiy selenide or telluridc 
is dissolved in a(|ua regia, chlorine water added and the solution diluted to 
f)(K) to SOO cc., phosphoi-ous acid is a<lded and the solution allowed to stand for 
some time; mercurous chloride is precijiitaled, selenium and tellurium remain- 
ing in solution. Selenium and tellurium will jirecipitate in hot concentrated 
solutions when treated with jiho-siihorous acid, but imt in dihde hydrochloric 
acitl solutions. 

Mercury in > Organic Substances. The matc^rial is decomposed by heating 
in a closed tube with concimtrated nitric acitl. Mercury is now preci]>itated as 
a sulphide with ammonium sulphide as directed in the procedure given later. 
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GRAVIMETRIC METHODS 

Determination of Mercury by Precipitation with Ammo- 
nium Sulphide^ 

The following method, su gg ested by Volhard, hs generally applicable for 
determination of mercury. The element is precipitated by ammonium sul- 
phide as HgS. The precipitate dissolved in caustic is again thrown out by addi- 
tion of ammonium nitrate to the sulpho salt solution of mercury. 

IIg(SNa)j-|-2XU4NO,=2NaX()3+(Nlf4)2S+HgS. 

Procedure. The acid solution of the mercuric salt is nearly neutralized by 
sodium carbonate, and is then heated with a slight excess of ainmonium sulphide 

reagent, freshly prepjired. Sodium hyilroxide solu- 
tion is added until the djirk-colored licpiid begins to 
lightcai. The solution is now la-ated to boiling and 
more sodiirn hydroxide added until the iKpiid is 
ch'ar. If lead is prest'id it will remain undissolved 
and should be filtered off. Ammotiium nitrate is 
now added to the solution in excess an<l the mix- 
ture; boiled until the gr«*ater ])art of the aminouia 
has been expelled. 'I'he clear licpiid is decanted 
from the precipitate through a weighed Clooch 
crucible and the preedpitate washed by decaintation 
with hot wat(;r and finally transferred to the cruci- 
ble and washed two or three times more. The 
mercuric sulphide is dried at 1 10“ C. ami weighed as 
HgS. 

HgSX0.8622=Hg or X0.y.:07 =HgO. 

Notks. Altunina and silica are ajtt to be present in 
caustic. 

Free sulphur rray fe removed, if i)rc.sent, by boiling vith sodium suhdiitt*, 
Na»S() 3 -|-S = Xa*H 2 (':. The sulphur may be extracted with carbon disulphide. 
The (5ooch crucible is j'l.aced ui:on a glass tri])od in .a bc'akca, containing (;arbon di- 
sulphide, and a round-bottomiHl flask filh'd vith c’old water is ]>laced over the nioulh 
of the l eaker to serve as a condenser. Fig. -17. Hy gently heating over a wat(;r bath 
for an hour the sulphur is completely extractc'd from the sul)ihi(le. f’arbon clisul- 
))hide is renoved from the i)rcci|)itate by w.ashing once vith alccdiol followed liy 
ether. The residue is now dried and weighed. 

Determination of Mercury by Electrolysis 

Moreury is readily depusitc'd ns a metal frciin .slightly acid solutions of its stilts. 

Procedure. Thi* neutral or slightly tieiil solution of mereiirie or inereurous 
salt is diluted in a beaker to l.'iO ee. witli wtder and 2 to .‘1 ee. of nitrie tieid added. 
The solution is eleetndyzed with a eurrent of 0..") to 0.1 timpere, and an lO.M.F. 
of to .'■> volts. A gauze cathode is recommended, or a jilatinum (li.sh with 
dulled inner .surface may be used. One gram of iiH'nairy may be d(‘|K)sifed in 
about fifteen hours (or overnight). The time may be shortened to about three 
hours by increasing the current to 0.0 t<> 1 amiK're. 

* Trt;adwell and Hall, “Analylieal (^heniisfry,” Vol. 2, 4th Ed. J. Wili'y & Sons. 



Fig. 47. 




interrupting the 
alcohol with a 

cjitliotie is placotl iti a ilcsiccator containing /used potash an 
luercuty. Tlie object of this lucrcury is to i:revout loss of the deposit by 
vaporization. 

The inenjased woiglit of (be cathode is due to metallic mercury. 

Notes. In the elcctrolysi.s of mercuric chloride turbidity may be caused by 
formation of menairous chloride by reduction, but this does no harm, as the rc'duetion 
to met.nllic memiry follows. 

Mer<Miry _ may be electrolyzed from its suI]>ho solutions, obtained by dissolving 
its sul|)hid(‘ in c;oncentruted sodium sulphidt*. 

Determination of Mercury by the Holloway-Eschka Process 

Modified 

When nuircury sulphide is luviled with iron filings metallic mercury’’ is vol- 
atilized, ir«)n sidphide Ix'ing formcfl. Tlui mercury vapor is condensed on a 
silv(‘r or gold plat*;. Tlu; ust; of iron for (his n'duction was sugge.sted by Kschka 
and his nirdhod modilicMl by Holloway. In orc*s containing arsenic the addition 
of zinc oxide is ^'commended. Ih’dmann and Alarchand use* liiiu* for decomposing 
the mercury compound. Tin; r(‘aetions may be repre.sented as follows: 

IlgS+re=l'’eS fllg or llgX-hCaO =C’aX-l-Ilg+(). 

Apparatus. This consis(s of a deep glazed porcelain cniciblo, the size 
dei)ending upon the charge of (he sample to be taken, (ienerally a 30-ec. cru- 
cible is used for a 2-gram sample wi(h 4 grains of flu.x. The crucible is covered 
by a silver or goUl jilate that li<*s 
])erfectly flat tind fits snugly 
around the edges of the cnicible. 

It may be necessary to grind the 
top of the receptacle on emery 
]iai)er to obtain a perfectly level 
etige. 

The cnicible is suspended in a 
hole through an asbestos board or 
({uartz plate, to ])rev<*nt the flame 
healing the upixjr portion of the 
vessel. 

The lid of (he <TUcible is kept cool by a cylindrical condenser of metal through 
which a stream of water passes. A small Mrlenmeyer flask may be used, with 
a tube iiassing to the bottom of the flask through a rubber stopper, and a 
second tube just jiassing through the stopjMT. 

Ilollovvay has a Aveight placed on the metal condenser to hold the lid finniy 
against the cnicible. The illustration (Fig- 4S) shows the form of the apjuiratus 
set uj) for the run. 

Procedure. The sample containing not over 0.1 gnim of mercury is placed 
in the cnicible with to 10 grams of fine iron filings and intimately mixed. Addi- 
tional filings are put over the charge. Sulphide ore.s containing arsenic are 
best mixed with about twice the Aveight of a flux of zinc oxide and sodium car- 
bonate in tht‘ proportion 4 to 1, and alwut five times the weight of iron filings 
added. 



Fio. 48. 


The metal Is washed with water without 
with alcohol. After removing the adhcrilll^ 


current and then 

filter paper* 

I a small disk 
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Tlie weighed silver cover is placed on the crucil)lo ami the !ii)paratus set up as 
shown in the illustration, Fig. 48. 

The bottom of the crucible is gradually heated with a small M6k(*r flame 
until it glows slightly. Overheating should be avoided. The upi)er ixalajii of 
the crucible should never become hot and the li<l shoulil remain cold. After 
heating for about thirty nximites tlie system is allowcvl to cool without iliseon- 
necling the condenser. The disk is no.v removed, dipped in alcohol and dried 
in a desiccator ov<*r fus<‘d potash or sod.a. The incrc'asc! ol weight of the dried 
disk is duo to metallic mereurv. 


Notks. If (lie sample contains less than I'f niercnry, take 2 grams; if 1 to ‘J' f, 
mercury, take 1 gra ii; ii the sample <*oii(aiiis 2 too' ,, take (>..')-gram sample. If high in 
mercury, grind sami le with sanil and take an aliquot, j'oit ion. 

It is advisable t<» repeat the test with a clean foil to be sure th.at all th(> mer- 
cury has been driven out of the samph*. 'Fhe foil m;iy be freed from inenairy by 
heating. 


VOLUMETRIC DETERMINATION OF MERCURY 
Scamon’s Volumetric Method ^ 

Seamon’s Volumetric Method.^ Weigh O.o gram of the finely ground ore 
into an Erleiunej't'r flask of 12.'> ee. capai'ity. Adtl 5 cc. of strong hydrochloric 
acid and tdlow it to act for about ten minutes at. a temperature of tibout 40° (b, 
then add 3 cc. of strong nitric acid and allow the action to continue fortibout 
tmi minutes longer. The mercury should now jdl be in solution. Now if h'ad be 
present, add cc. of strong sulphuric acid; it may be omitted otherwi.se. Dilute 
with I") cc. of water and then tidd ammonia cautiously until the liquid is slightly 
alkaline. Btsmuth, if pri'sent, will be precipitated, .\cidify faintly with nitric 
acid, filter, receiving tlie filtrate in a beaker, and wash thoroughly. 

Adtl to the filtrate 1 cc. of strong nitric acid that has betm made browni-sh 
in color by exposure tt» the light, and titrate with a standard solution of potassium 
iorlide until a drop tif the li(|uid bnmglit into contact with a drop of starch 
liquor, on a .spot-jilate, shows a faint bluish tingi*. It is a good plan tt) set aside 
about otie-third of the mercury solution .and add it in iiortions until the end- 
point is successively pa.ssefl, finally rinsing in the last portion and titrating to 
the end-point very ^•arefully. 

Deduct O.o cc. from the burette reading .and imdtiply the rem.aining ee. used 
by the percentage value f*f 1 cc. in mercury to obtain tin; iiereimtage in the ore. 

The .standard potassium iodide solution should contain S.d grams of the 
salt per liter. Standardize again, st pure mei*curic chloride. Dissolve a weighed 
amount of the s.alt in water, add 2 cc, of the iliscolored nitric acid and titrjite 
as above. One cc. of st.aiidard solution will be found equivalent to about 0.(X)5 
gram of mercury, or about 1 % on the basis of O.o gram of ore taken for assay. 

The precipitate of red mercuric iodide which forms during the titnation may 
not appear if the amount of mercury present is very small, but tliLs failure to 
precipitate does not apfiear to affect the ri'sult. 

Iron, copper, bisnmth, antimony, and arsenic, when added separately to 
the ore, did not influence the residts in Seamon's t(;sts. Silver interferes. Dupli- 
cate results should check within O.l to 0.2 of 1 *'/^. 

‘ A. H. Low', “Technical AfetluMls of Ore Analysis." 

* “ Manual for Assayers and Chemists,’' j*. 112. 



MOLYBDENUM 

Wilfred W. Scott 

Mo, 96.0; sp.jirr. 8.6 —9.01 ; m.p. !<i500*’ C ; oxides, MojOj, MoOj, MoO: 


DETECTION 

Molybdonum apixjars in the hydrogen sulphide group, being precipitated by 
lIjS in acid solution as the suli)hide. It passes into solution by digestion with 
atuiuoiiiuiu sulphide or sodium sulphide aloijg with arsenic;, antimony, tin, gold 
and i)latinum. Jiy addition of inetallie zinc, antimony, together with tin, gold 
and platinum are jn'ccipitatc'd as metals while; molybdenum remains in solution. 
Arsenic, that has not volatilized as aiviiie, is expelled by evai)oration. Nitric; 
acid is now added and the solution taken to dryness. Molybdenum is extractc*d 
from the residue with ammonium hydroxide;. 

A dilute solution of ammonium molybdate treated with a soluble sulphide 
gives a blue solution. 

Sodium thiosulphate added l>o a slightly acid solution of ammonium molyb- 
date produces a blue pwcipilale with a supc;rnatant blue: solution. With more 
acid a browm ])recipitate is formc'd. 

Sulphur dioxide jiroduces a blui.sh-green ])recipitato if sufficiemt molybdenum 
is present, or a colored solution with small amounts. The reducing agents, stan- 
nous chloride, or zinc in acid solution, produce a i)lay of colors W'hen they react 
with molybdonum solutions, dun to the formation of the; lower oxides. The solu- 
tion becomes blue, changing to green, brown and yellow. 

IMolybdcnuiu present as molybdate is prc;cipitatc'd by dimdium 'phos'phnte 
as yellow ammonium phosphomolylxlate from a nitric acid solution. The pro- 
capitate is soluble in ammoiiium hydroxide. 

A i)inch of powdered mineral on a porcelain lid, moistened wdth a few drops 
of stroug mlphuric acid, stirred and heated to fumes, then coolc;d, will produce 
a blue c'olor when brcathc;d upon. The color disappears on heating, but reappears 
on cooling. Water destrciys the cedor. 

Molybdenite is very similar to grai)hitc; in appearance. It is distinguished 
from it by the fact that nitric; acid rc‘a<*ts with molybdenite, M0S2, leaving a 
white residue, but has no action upon grapliite. The blowpipe gives SOj with 
molybdenite and CO2 with graphite. 


ESTIMATION 

The detennination is required in the ores— molybdenite, M0S2, ( 60 % Mo); 
molybdite. Mot >3 (straw yellow); wulfcniile, PbMoOi (yc;lloW', briglit red, olive 
green cjr colorbss); llsc;mannitc‘, Mo() 3 d-Mo() 2 ; powellite, CaMo04; patcraite, 
(J0M0O4; belonesite, MgMo04; eosite, lead-vanado-molybdate; achromatite, 
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lead molybdate and arsenate with tin oxide and hsad chloride. Some iron and 
copper ores also contain molylxlonuin. 

The metal is dcterniinod in certain self-hardening sUxils and alloj's. 

The rcagont-s ammonium molybdate and the oxido-molybdic acid, 
are valuable for analytical pui’poscs. 'I’lMts of their purity may be reciuired. 

Preparation and Solution of the Sample 

In dissolving the substance the following facts should be kept in mind: 
The metal is Civsily soluble in a((ua regia; soluble in hot concentrat'd sulphuric 
acid, soluble in dilute nitric acul, oxidized by excess tt» MoOa. It is dis.solved 
by fusion with sodium carbonate and i)otassium nitrate mixture. It is insol- 
uble in hydrochlorie, hydrofluori:! juul dilute sulphuric acids. 

The oxule M 0 O 3 Ls but slightly soluble in acids and alkalies; MoOj is insol- 
uble in hydrocliloric and hytlrofluorie acids. Mot).,, as rmlinarily j)recij)itated, 
is soluble in inurgauic acids and in alkalies, d’he oxi«le subliimul is diflicultly 
soluble. 

Molybdates of the heavj' metals are iihsoluble in water, the alkali molybdates 
arc soluble. 

Ores. Molybdenum ores are best <lecomi)os('d by fusion with a mixtuiv of 
S(Klium carbonate and ])otassium nitrate. Tlie cooled fusion is then extracted 
with hydrochloric acid and iiiolybth'num determined according to one of the 
procedures described later. 

Steel and Iron. One to 2 grams of the drillings are dissoh'ed in a mixture 
of hytlroehloric and nitric acid (2") cc. HCl-l-1 cc. IlXOa), \\itli gentle heating. 
Additional nitric acid is a<lded if retjuired or potassium clilorate may bo used 
to oxidize the iron. 

SEPARATION OF MOLYBDENUM FROM OTHER ELEMENTS 

Separation from Iron. Procedure in Presence of Large Amounts of 

Iron. The occurrence of molylHlenum Avith iron and its commercial importance 
in iron materials calls for this procedure as one commonly nxiuircd in the detesr- 
minatiou of molybdenum. 

The solution is nearly neutralized with a 2 X. NaOII .solution, added from a 
burette cautiously, avoiding an amount that would produce a coh)r with iron or 
form a basic molybdate. If tungsten is pre,sent tir if m*)lybdic acid has i)recip- 
itated in the solution or is .suspected, the sjimple should be fdlered and the 
residua treated as directed below. Sufficient 2 .\. X.aOII to pre ipitate all the 
iron present in the sample (27 cc. of 2X. XjiOII will i)recii)itate 1 gram Va) with 
about 40 cc. in cxcc.ss is poured into a .'WKl-cc. flask. If filtration is nccessiry, 
the paper and re.siduo arc? droj)ped in the flask, the filt(;r broken up, and the 
caustic heated to boiling to dissolve the molybdic achl. The .solution contain- 
ing the molybdenum is also heated to boiling and .‘wlded to the hot NaOII solu- 
tion, through a funnel with a constricted stem, agitating the sodium hydroxide 
during tho addition. Iron hydroxide, l'’e(OH)j, is prcicipitated free from molj'b- 
denum, which remains in solution. Tho \olume is made up to exactly 500 cc. 
and the precipitate allowed to settle; 250 cc. are filtered off and taken for the 
precipitation of molybdenum. Methyl orange is added as an indicator and 
the caustic neutralized with HCl. If barium, strontium, uranium, arsenic, cad- 
mium and al um inu m are present, 10 to 15 cc. strong hydrochloric acid are added • 
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in excess, followed by sufTicient anuuonium acetate to combine with the free 
mincnil a'*id. 

This method, followed by the load moIyI)dato precipitation as given in the 
gravimetric methods, will effect a separation of molybdenum from barium, 
calcium, strontium, arsenic, cadmium, phosphorus, aluminum, uranium, man- 
ganese, cobalt, nickel, zinc, chromium, magnesium, mercury, copper as well as iron. 

Separation from the Alkalies. Molybdenum, precipitatcul as mercurous 
molybdate, by adding mercurous nitrate to the slightly acetic acid solution, or as 
molytxlcnuin sulphide by ILS passed into the sulphuric acid solution, is separated 
from the alkalies. 

If hydrogciii sulphide is jiassed into the sulphuric acid solution, separation of 
molybdenum from the membei-s of the ammonium sulphide group is effected, as 
well as from memlau’s of suliseciuent groups. 

Separation from the Alkaline Earths. Fusion of the substance with sodium 
carbonate and extraction of the melt willi waler giv(‘s a solution of molybdenum, 
whereas the carbonates of barium, calcium and sirontium remain undissolve<i 
as carbonates. 

Separation from Lead, Copper, Cadmium and Bismuth. The suljihides 
of the elements are treated with sodium hydroxide and sodium sulpliide sf)lution 
and are digested by gently heating in a pressui-e flask. Molybdenum dissolves, 
whereas lead, copper, cadmium and bismuth remain insoluble. If the .solutiim 
of the above elements is taken, ma<lo strongly alkaline, and 1, rented with 11*8, 
the sulphides of the latter elements are precii)itat('d and molybdenum remains 
in solution. The precipitates are filtered «>ff and the filtrate containing molyb- 
denum is placed in the pressure flask, the solution made slightly acid with sul- 
phuric acitl and the mixture lifiated under pressure, iintil tht' licpiid a]iiMnu*s colorless, 
M 0 S 2 is precij)itaf<*d and may be conveited into the oxide as (lescribed later. 

Separation from Vanadium is effected by a molybdenum .sulj)hido j)recipi“ 
tation in acid solution. 

Separation from Arsenic. Ansonic, pnisent in the higher state of oxida- 
tion, is precipitated by magnesia mixture, added to a slightly acid solution (5 cc. 
of concentrated hydrochloric acid i)er 100 cc. of solution for each 0.1 gram 
arsenic). The solution is neutralized with ajumoni.i (methyl orange), and the 
arsenic salt filt<m;d off. M 0 S 2 is lunv pr(!cii)itat<Hl with II 2 H in presence of free 
sulphuric acid in the pressuix; flask. 

Separation from Phosphoric Acid. I’hosphoric acid is precipitated from an 
ammoniacal solution as magiaisiuiu ammonium phosphate. Molybdenum may 
then be precipitated as the sulphide from the filtrate. 

Separation from Titanium. The metals of the ammonium sulphide group 
are precipitated by adding ammonium hj^lroxide and ammonium sulphide. 
Molybdenum remains in solution and passes into the fdtrate. H 2 S is passed into 
the solution until it appears nxl; sulphuric acid is then added until the solution 
is acid, when molybdenum sulphide precipitates. 

Separation from Tungsten. Molybdenum, precipitated \vith tungsten by 
the lead molybdate method, is ignited and tlie mixture then treated with hydro- 
chloric acid and a few drops of nitric acid and evaporated nearly to dryness. 
Dilute hydrochloric acid is added ami the solution filtered. Tunjpten remains 
undissolved. 

Molybdenum may bo precipitated by H2S as M0S2 in presence of tartaric 
acid. Tungsten does not precipitate. 
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GRAVIMETRIC METHODS FOR THE DETERMINATION 

OF MOLYBDENUM 

Precipitation as Lead Molybdate 

Preliminary Remarks. This method, siit^Kostod hy CUiatiird, has been 
pronounced by Uroarly and ll)bots(ui to i)o “ one of the most stable processes 
found in analyticuil cliemistry.” “ It is not interfered with by the presence of 
lar^o amounts of acetic acid, lead acetate, or alkali salts (except sulphates). 
The paper need not lie ignited separately and prolonged ignition at a much higher 
temperature than is necessary to dejstniy the papttr docs no hann. From faintly 
acid solution load molybdate may Ijo pre<‘ii)itated fnio from impurities in the 
presence of copper, cobalt, nickel, nuinganese, zinc, magnesium and mercury 
salts.” It may l>e readily se[)arated from iron and chromium. Barium, stron- 
tium, uranium, arsenic, cadmium and aluminum do not interfc*rc if an excess of 
hydrochloric acid has Iwen addcid to the solution fcdlowed by lead acetate and 
sufHcient ammonium accstatc to dtistroy the free mineral acid. 

The precijjitate is granular, easily nitered and washed. 

VaiKulium and tungsten, if present, imist bo removed, by separating from 
molybdenum by one of the prcxedurcjs given. 

Special Reagents. Lead Acetate, A solutum is made by dissolving 
20 grams of the salt in fiOO <■<*. of warm wat<'r. A f(!W <•<■. of a<‘etic acid are added 
to clear the solution. 

Precipitation of Lead Molybdate. An excess of lead a<‘etate is addt'd to 
the acetic acid solution, <‘ontaining n'.olybdenum (see Se])aration in Presence 
of I^arge Amounts of Iron), (10 ec. of 4[f solution of the crystallized lead ac.(d.ate 
salt will precipitate 0.01 gi-am of molybdenum). '^I’he solution is he.ated to boil- 
ing, the crystalline precipitate allowed to settle for a few ntinut(‘s on the steam 
bath, then filtered hot onto an ashless filter (S. & S. No. .'>00 (luality) and washed 
free of chlorides with hot water. 

The precipitate drietl ami igniteil in a porcelain crucible at red heat for about 
twenty minutes is weighed as i’bAIoOi. 

PbMo(.)4X0.2()l.') — AIo. PbMoOiX0.il02d =AIot)a. 

' MoX3.S24l=rb.Mo04. AI 0 O 4 X 2 .. 540 I =PbMoO,. 

Determination of Molybdenum as the Oxide, MoOa 
Determination by Precipitating with Mercurous Nitrate 

Kspccially applicable where fusion with an alkali carbonate has been required. 

Decomposition of Ore. One gram of the ore is fused with 4 grams of fusion 
mixture, (Na»COs+K,COj+KNO,i), and the cooled melt extracted with hot water. 

If manganese is present, indicated by a colored solution, it may Ijo removed 
by reduction with alcohol, the manganese jirecipitate filtered off and washed with 
hot water, the solution evaporated to near dryness and taken up with w.atcr, 
upon addition of nitric acid as stateil ImiIow. 

The solution containing the alkaline molybdate is nearly neutralized by 
adding HNO3, the amount necessary being detenuinod by a blank, and to the 
cold, slightly alkaline solution, a faintly acid solution of mercurous nitrate is 
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adtlfld until no furthor pivcipitution ocfiirs. 'i’lic procipitato consists of mcr- 
cait'oiis niolybdato and carlMinato (clmaniuin, vaiiacliuin, tiingsttai, ai’scnic and 
])liosphorns will also lx; pr(*cii)itat(Hl if pn*s(‘iit). The solution coidainiiiK the 
precipitate is boiled and allowed to stainl ten to fifteen minutes to settle, the black 
precipitate is filten'd off and washed with a dilute solution of niercunais nitrate. 
The precipitate is dried, and as much as possible transferml to a wabih-glass. 
The residue on the filter is dissolved with hot dilute nitric acid, and the solution 
received in a large weighetl porcelain cnicible. The solution is evaiM)rated to 
dryness on the water bath and tin* main jiortion of the precij)itate added to tliLs 
residue, and the jiroduet lieated cautiously over a low flame ' until the mercury 
has completely volatilized. 'I'he cooletl i-esidue is weighotl as MoOa. 

MoOsX 0.6067 =Mo. 

Notk. If Cr, V, W, As or I’ are 7 )re.sent a separation mast lie effected. Molyb- 
denum should be ]>reci)>itat.ed in an I{zS ()4 solution in a pre.ssurc fliisk as the sulphiilc 
by H 2 .S as given in the following method, aiul arsenic if present removed by magne.sia 
mixture as indicated in the iirocedure for separat ion of ar.seni(? from molybdcinum. 
K these in>]Hirilies ;ire present the molybdenum oxide may be fused with a very little 
NOiit’Oi, and leached with hot water aiid the filtrate treated with HjS as directed. 

Precipitation of Molybdenum as the Sulphide by H2S 

A. Precipitation from Acid Solution. Ity this i)rocedure molybdenum 
is precipitated along with momb(!rs of the hydrogen sulphides group, if present, 
but free from ('leinents of tlui following groups. 

The cold molybdenum solution sliglitly aeid with sulphuric acid (ill prosenco 
of Jla, Sr or t'a an IKM solut.ion is necessary) is pl.'uaxl in a small pressure 
flask ami .saturated with IbS, the flask closed and Infabal on the water bath until 
the i)recii)it.at(t has set tled. Tlu.* solid ion is cooled and (iltenul through a W'cighcd 
(iooch crucihic. 

li. Precipitation from an Ammoniacal Solution. By this procedure molyb- 
denum is pi-ccipitate<l with antimony, arsenic, tin if present, hut is free from 
mercury, lead, bismuth, cojiper and cadmium. 

Hydrogen sulphide is passixl into tlie cold ammoniacal solution of molybdenum 
until it as-sumes a bright red color, it is now acidifiial with dilute sulphuric acid, 
the precipitate allowed to scttli) and the solution filtered through a weighed 
(looch crucible. 

In either am-. A or li the precipitate is washed into the Gooch crucible 
with very dilute; sulpliuric acid followed by several washings with the acid and 
then with alcohol until free from aeid. 'I'ho Gooch is placed \vithin a larger 
nickel crucible and coveri'd with a porcelain litl. After drying at KK)® G. it is 
placed over a small flame and carefully h(;atod until the odor of HOa can no longer 
be detcetctl. The cover is now removed and the <iiien crucible heated to <‘on.stant 
weight. The residue consists of M 0 O 3 . 

IMoOsX 0.6667 — Mo. 

Notk. Arsenic, will nont.'uninati; the re^iidxie if jirescnt. I'lie method for its 
removal has been given. 

* The oxide, M0O3, sublimes at bright red heat. 
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VOLUMETRIC METHODS FOR THE DETERMINATION 
OF MOLYBDENUM OR MOLYBDIC ACID 

The lodometric Reduction Method ^ 

Principle. When a mixture of molybdic acid and potassium iodide in pres- 
ence of hydrochloric acid is boiled, the volume having defined linnts, free iodine 
is liberated and expelled and the molybdic acid reduced to a definite lower oxide; 
by titrating with a standard oxidizing agent the moIyl)dic acid is determined. 

Reaction. 2MoC),-l-4KI-|-4HCl - 2 MoO*I-l-l 2 + 4 KCl+ 2 II*(). 

Reagents. N /lO solutions of iodine, sodimu arseiilte, potassium permanga- 
nate, sodium thiosulphate. 

Analytical Procedure.^ Reduction, 'fhe soluble molybdate in .amount 
not exceeding an eciuivalont of ()..'> gram M 0 O 3 is placed in a l.'iO-cc. Erlcnmeyer 
flask, 20 to 25 cc. of hydrochloric acid (sp.gr. 1 . 2 ) added together with 0.2 to 0.6 
gram potassium imlido. A short stommed-funncl is placed in the neck of the 
flask to prevent mech<anical loss during the boiling. I'lie vuluinc of the solution 
should be about 60 cc. The solution is boiled until the volume is reduced to 
exactly 25 cc. as determined by a mark im the flask. The nisidue is diluted 
immediaUdy to a volume of 125 cc. and cooIchI. lOithor proctsss A or H may 
now bo followed. 

A. Reoxidation by Standard Iodine. A solution of tartaric acid, equiv- 
alent to 1 gr.am of the solid, is now a<lded, and the free acid nearly neutralized 
with sodium liydroxi<le solution (litmus (»r methyl orange indicator) and finally 
neutralized with sodium acid carbonate, XalKXlj, added in excess. A measured 
amount of N/IO iodine is now run in. The solution is set aside in a dark closet 
for two hours, in order to cause complete oxidation, as the reaction is slow. The 
excess iodine is now titratod with N /lO sodium arsenite. 

One cc. N/10 i<»dine = .0144 gram AloOj = .()096 grata AIo. 

On long stiindiiig ti small amount of iod.ate is tipt to form. This is detttrmincd 
by nuiking acid with dilute IK’l and titrating with N/10 sodium thiosulphate. 

B. Reoxidation of the Residue by Standard Permanganate. 'I'o the 
nuluced solution about 0..5 gnun of niangaiutse sulphate in solution is added, 
followed by a mejisured amount of N/JO permsingaimfe solution, added fixmi a 
burette until the characttu-istic pink color apixtjirs. A measured amount of 
standard N/IO sodium ai-senite, etpiiv.akmt to the pennanganato is then run in 
and about li gra’; s of ttirtaric acid added. The acid is neutrsilized by acid sodium 
or potassiu.n carbonate, the stopiv^r atnl the sides of the flask rinsed into the main 
solution. The residual arsenite is now titrated by N/10 iodine, using starch 
indicator. 

Notks. Tartaric acid prcv'onts precipitation >]iiring the subsuriuent neutraliza- 
tion ^^ith NaH(X)j. A and li. 

The addition of tnangtincse salt, in li is to i>rovcnt flic liberation of free chlorine 
by the action of KMn <)4 on IK'l. 

In addition to the oxidation of the lower oxides to itiolvbdic acid, ]M>l.assimn per- 
mangiinatn added in Ji liberates free iodine from Hi, it ]>rodiices iodic acid, .and forms 
the higher oxides of manganese. The standard arsenite, on the other hand, converts 
'.ree iodine and the iodatc to ill and reduces the higher oxides of manganese. 

* F. A. Gooch ami (Charlotte Fairbanks, Am. .lour. So. (4), 2, 100. 

*F. A. Gooch and O. S. Puhnan, Jr. Am. Jour. Sc. (4), J2, 449. 
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Estimation by Reduction with Jones Reductor and Oxidation by 
Standard Permanganate Solution 

Principle. The procedure depends upon the reduction of molybdic acid 
to M 02 O 8 by p^sinK its solution through a column of amalgamated zinc into a 
solution of ferric alum, and subsequent oxidation to MoO* by standard potas- 
sium permanganate solution. 

Reactions. 2 Mo 034 - 3 Zn =Mo2()3-{-3Zn(). 

5Mo203+6KMn04+9H2S04 = 10Mo()3-l-3K*SO4+6MnSO4-|-9IIaO. 


approximately N /lO standardized 

a 


Reagents. Potassium permanganate 
against a standard molybdic acid solution. 

10% solution of ferric alum. 

2.5% solution of sulphuric acid. 

Apparatus ^'-nes Reductor. 

7? = rcdiictor tube 50 cm. long, 2 cm. inside 
diameter. Smaller tubc^ prolongation Ic^iigth 
20 cm. inside diameter 0.5 cm. 

= column of zinc 40 cm. long. Zu shot«S mesh 
to sq.cm.; 

F = receiving flask ; 

/^ = I)rcssure regulator with gauge, set to give 
l>r(%s.sure in n‘e(*iving flask of less than 20 cm. 
water; 

(j=platinum com? or gauze with nmt of fiiiegl.ass 
wool 2 cm. thick; 

T’he zinc in redu<*.tor shouhl be ])rotected from 
the air by covering with water, stop-(;ock aS’ being 
closed wh(‘n not in use.. 

Procedure. The receiving flask of the 
Jones reductor, Fig. 40, is iJuirgi'd with about 
30 cc. of 10S<) ferric alum and 4 cc. of phosphoric 
acid.2 Through tho40-cm. column of amalga- 
mated zinc in the reductor arc passed in sia?- 
cession 100 cc. of hot dilute sulphuric acid 
(2.5% sol.), tho molybdic a dd in the fonu of 
ammonium molybdate dissolved in 10 cc. of 
water and acidifi(3d with 100 cc. of hot dilute 
sulphuric acid followed by 200 cr. more of tho 
hot dilute sulfjhuric acid and 100 cc. of hot water. The reduced green molybdic 
acid upon coming in contact with the ferric alum solution produces a bright red 
color. 

The hot solution is titrated wdth N/10 KMn 04 solution. 



^7//f/r/7rn/rr/ 7J7?i/n j 

Pig. 49. — Jones Reductor. 


One cc. of N/10 KMnO. = — - gram M 0 O 3 = ’ ” — gram molybdenum. 

« 0 

• W. A. Noyes and I’rohman, Jr. Am. Chem. Soc., 36, 919. 

See Method by O. It. Dudley, D. L. Randall, Am. Jr. Sc. (4), 24, 313. 

•C. Reinhardt, Chem. Ztg., 13, 33, 
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Method for Determining Molybdenum and Vanadium in a 

Mixture of their Acids 

Principle of the Method. The procedure depends upon the fact that 
vanadie aedd alone is reduced bj* in a sulphuric acid s*)lution, whereas both 
vanadie and molybdic acids are reduced liy anial|;aniated zinc, in each esiso the 
reducing agtuits forming dennite lower oxides which are readily oxidized to 
definite higher oxid(;s by KMnO*. 

Reactions. 

SO* lle<luction; 

1. V*(h+S()* =V*04+S03. (No action on MoO,.) 

Zn 1{ eduction: 

2. V*0s+3Zn=V*0*4-3Zn0. 

:i. 2Mo()3+3Zn=Mo*Os+3ZnO. 

KMn04 Oxidation: 

4. 5V*04+2KMn04-f-3£IsS04 =5V,0,+K*S04+MnS04+3H,0. 

5. 5V,0*+6KMn04+9II,S04 =5V,0»+3K,S04+6MnS()4+9H*0. 

6. 6Mo,0,+6KMn04+9H,S04 = 10MoO,+3K*SO4+6MnSO4+9H*O. 

From the reactions “ 4 ” and “ 5 ” it is seen that three times the amount 
of KMn04 is required to oxidize V*0* to V*04 as is required in the case of V*04, 
hence — total cc, KMn04 required in oxidation of the zinc-reduced oxides minus 
three times the cc. KMn04 required in oxidizing the tetroxide of vanadium 
formed by the sulphur dioxide reduction =cc. KMn()4 recpiired to oxidize Mo*Os 
to MoOj. From these data molybdenum and vanudium may readily be calculated. 

Method of Procedure. A. Vanadie Acid. The solution containing the 
vanadie and iiu)lybdic acids i«i a 2.‘5()- to 3(K)-(!c. Frlenmeycr flask, is diluted to 
75 cc. acidifitHl with 2 to 3 cc. of strong sulphuric acid, heated to boiling and tin 
vanadie acid mducod by a curremt of SO* pass«;d into the solution unlil the ideac 
blue color indicates the complete reduction of the vanadie acud to Va 04 . I'he 
boiling is now continued and (X)* passed into the flask to cxix;! the last trace of S( )*. 

Standard N/10 KMn04 is now run into the reduced solution to the character- 
istic faint pink. h>om reaction “ 4,” vana<lic acid may be calculated. 

One cc. N/10 KMnO4 = .01S2 gram VjOt = .OO.'il gram vanadium. 

B. Molybdic Acid. The reduction by .Jones’ reduct or, and titration of the 
combined acids re<hieed by amalgamated zinc with N/10 pota.ssium porm,angjinato 
solution, is earrictl out exactly as <lescribcd in the determination of molybdic 
acid alone. In this case HO cc. of JO^J, ferric alum and .S cc. of the phosphoric 
acid is placed in the rectuving flask. 

Calculation. Total permanganate titration in B minus three times the titration 
in A gives the permanganate recpiired to oxidize Mo*03 to MoO*. From equation 
6 the rnolylMiic acid may now be calculate<l. 

One cc. N/JO KAin{)4 =- - — • graniMoOs” — - — gram molybdenum. 

f> ' o' 

1 Reduction of vanadium by SOo in presence of molybdenum, Graham Ed^ar, 
Am. Jour. Sc., (4)26, No reduction of Mo( >3 when 0.4 gram is present with 5 cc. 

H 2 SG 4 in 26 cc. volume. 

For theoretical considerations and data on accuracy of method see “ Methods 
in Chemical Analysis,'' F. A, Gooch. 
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NI, at. U)l. 58.68; sp. gr. 8.6 S.O; m. p. 1452° C.; oxides, NIO, NljOj, NI 3 O 4 . 

DETECTION 

After bringing the sample into solution by one of the methods described under 
Preparation and Solution of tin; Sample, silica is removed, if present, in the usual 
manner, by evaporating the solution to dryness in the presence of an excess of 
hydrochloric acid, dissolving the residue and boiling with hydrochloric acid and 
filtering off the silica. 

Hydrogen sulphide is then passed through the solution to remove the elements 
precipitated by this reagent. The filtrate from this precipitation is then boiled 
to expel the excess of hydrogen sulphide and a little nitric acid added to oxidize 
any ferrous iron to the ferric state. (See page 285 , Separations.) Ammonium 
hydroxide is then added to precipitate iron, aluminum and chromium. Cobalt, 
nickel, manganese and zinc arc precipitated from the filtrate by adding a solution 
of colorless ammonium sulphide or by passing hydrogen sulphide tlirough the 
ammoniacal solution. Manganese and zinc arc separated from the precipitate 
by washing with cold hydr<n*hloric acid of about l.(> 3 r) sp.gr. A small quantity 
of the precipitalo is fused with borax in the loop of a clean platinum wire. A 
green color in the cool bead indicates nickel. Fairly small rpiantities of cobalt 
intorfiirc with this test, so if the bead is colored blue it will be necessary to make 
further tests for nickel. 

Dimethylglyoxime will precipitate nickel as oxime fn>m an acetic acid solution 
containing sodium acetate and in this maimer separate it from cobalt, manganese 
and zinc. After precipitating iron, aluminum and chromium and filtering them 
ofT, the solution is slightly acidified with hydrochloric acid, then is neutralized 
with sodium hydroxide, and acidified with acetic acid. A solution of dimethyl- 
glyoxinu! is added, when nickel, if present, will be priicipitated as a flocculent red 
precipitate. 

Nickel nvay be <letecte<l in the presence of cobalt by sidding a solution of 
sodium hydroxide to the solution of cobalt and nickel until a .slight precipitate 
is formed, then somewhat more potassium cyanide than is nece.ssary to redi.ssolve 
the precipitate and finally two volumes of bromine water. Warm gently and 
allow to stand for some time. If a precipitate of nickel hydroxides separates, 
filter, wash and test with the borax bead. 

Nickel may also be detected in the presence of cobalt by precipitating the 
cobalt as nitrite, as described in the chapter on cobalt, and then precipitating the 
nickel as liydroxide with sodium hydroxide and bromine water and testing the 
precipitate wit.h the borax bead. 

Alpha henzildioxime added to an ammoniacal solution of nickel precipitates 
an intensely red salt having the composition C^2gll22N404Ni. 'I'liis precipitate 
is very voluminous. Silver, magneshun, ehromium, manganese and zinc do not 
interfere with this reaction. 
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ESTIMATION 

Tlie dctcmiinution of nickel is mjuircd, |)rin(*ipiilly, in the analysis of ores, 
metallic nickel and its alloj's, but is also rc(|uired in the analysis of metallic 
cobalt and cobalt products as well as in a host of n)isccllaneous materials. 

In the majority of cases the results of a nickel determination are calcvdated 
in tenns of metallic nickel. J*]v<‘n in the determination of nickel in niekel-platinf? 
solution the results are calculated in terms of metallic nickel since this is the 
factor by which the solutions an; controlled. 

Preparation and Solution of the Sample 

The materials in which nickel occurs ordinarily, may, in general, be brought 
into solution by treatment with acids, but in the case of some refractory ores and 
alloys, a fusion is re(iuired first to make the acid treatment effective. When 
treating ores containing sulphides or arsenides a strong oxidizing treatment is 
necessary to break up these compounds. Metallic nickel may be dissolved easily 
in nitric acid, more slowly in hydrochloric acid and still more slowly by sulphuric. 
Nickel alloys may be dissolved in a mixture of hydrochloric acid and nitric acid. 

General Procedure for Ores. One gram of the finely powdered ore is weighed 
into a porcelain dish and mixed intimately with 3 grams of powdered potassium 
chlorate. The dish is covered with a watch-glass and 40 cc. concentrated nitric 
acid added slowly. The dish isallowc<l to stend in a cool place for a few minutes, 
then placed on a water bath and digested until the sample is completely decom- 
posed, stirring the mixture frequently with a glass stirring rod, and adding a little 
pota.ssium chlorate from time to time until the decomposition is complete. The 
watch-glass is then removed ami any pjirti<*les that may have spattered on it 
are washed back into the dish and the evaporation continued to dryness. This 
evaporation to drjmess is re|)catcd with the addition of 10 cc. of concentrated 
hydrochloric acid, and the silica d<?hydnited by heating for an hour or n'ore in an 
air oven at 110® C. The dry residue is moistened with cfuicentrated hydrochloric 
acid aiul the sides of the dish washed down with hot water, the mixture heated 
to boiling and allowed to boil for a few minutes, then withdrawn from the heat 
and filtered, hot, after the iihsolublc matter has settled. 

Treat the filtrate for the removal of interfering elements as directed under 
Separations. 

Fusion Method. The above method is used where it is desired tf) determine 
insoluble matter or “ gjingue.” As a method of bringing the nickel in the sample 
into solution it is quite satisfactory and when the insoluble matter bums to a 
pure white ash the ignited residue may be wedghed as silica, but in some cases 
this method does not give sufficient information regarding the composition ni 
the gangue. 

If it is necessary to make a complete analysis it is usually better to fuse the 
sample with the sodimn and potassium carbonate mixture containing a little 
potassium nitrate and then treat in the usual manner tt) dctemiine sili<*a. 

Potassium Bisulphate Fusion. In the treatment of tiic^kel and cobalt oxides 
these are ground to a fine powder and a representative sample of 1 gram is fused 
with 10 grams of potassium bisulphate. This may Imj done in a porcelain or 
s’Hca crucible or dish. The melt is extracted with water aiul the silica filtered off. 

A small casserole has beeii found to be very useful for this fusion. 



NICKEL 


285 


Solution of Metallic Nickel and Its Alloys. From 1 to 5 grams of the well- 
mixed drillings are treat <-d \\itli a minimum (luantity of nitric acid and 20 cc. 
1 : 1 sulphuric acid added and the solution evai)oraled tt) fumes of sulphur tri- 
oxide. Allow the fuming to continue for ten minutes. Dilute carefully with a 
little water and filter off the insoluble, (-ontinuc as directed in the follow ing 
detailed analyses. 

It may be necessary to use a mixture »)f nitric and hydrochh»ric acids to bring 
certain alloys into solution, after which the procedure is the same as alx)ve. 

SEPARATIONS 

Separation of the Ammonium Sulphide Group, Containing Nickel from 
the Hydrogen Sulphide Group. Mercury, Lead, ItLsmuth, Copper, C^admium, 
Arsenic, Antimony, I'in, (lold, Molybdenum, etc. 

The hydrogen sulphide group elements arc precipitafed from an acid solution 
(HCl) by H*S, and removed by filtration, nickel, etc., passing into the filtrate. 

Separation of the Ammonium SulpUde Group from the Alkalin e Earths 
and Alkalies. Nickel is precipitated with other members of the group by 
passing H^S into its ammoniacal solution, or by adding (NH 4 ).S solution. The 
alkaline earths and alkalies are not precipitated. 

Separation of Nickel from Cobalt. This procedure can be carried out in 
exactly the same manner as the method given fur the dotemunation of nickel 
by precipitation of nickel with dimethylglyoxime, since cobalt is soluble as oxime. 
In case more cobalt is present than nickel a larger excess of the reagent n'.ust be 
used. The excess of acid is best neutralized with ammonium hydroxide. If 
both metals are to be determined, cobalt may bo determined electrolytically 
in the filtrate. 

An alternate method is to determine the cobalt and nickel as oxides, or metal 
by electrolysis, together. The oxides, or plate, are dissolved in nitric acid and 
the nickel detenuined in the solution, cobalt being found by dilTerence. 

For other methods see Separation of ( ’obalt from Nickel, under Cobalt, page 142. 

Separation of Nickel from Manganese. Nickel is precij)itatcd by dimcthyl- 
glyoxime from an acetic acid solution containing sodium acetate, manganese 
being determined in the filtrate. 

Separation of Nickel from Zinc. Zinc does not interfere in the dimethyl- 
glyoxime precipitation of nickel when ammonium salts are present. It is advis- 
able to precipit.ate the nickel in a dilute acetic acid solution, thus avoiding the 
addition of a large amount of ammonium salts as would be necessary if the pre- 
cipitation took place in an ammoniacal solution. Zinc readily remains in solution, 
and may bo detenuined in the filtrate from the nickel oxime precipitate. The 
following procedure is rect.mmended : 

The solution containing the two metals is neutralized with ammonium hydrox- 
ide and then made just slightly acid with acetic acid and sodium acetate added. 
Dimethylglj'oxinxe solution is now added to the solution, which is nearly boiling, 
and the procedure given for the detennination of nickel by this reagent is followed. 

Separation of Nickel from Iron. NicktO cannot l>e separated satisfactorily 
from iron by precifntating the latter with anirnonium hydroxide, as some of the 
nickel is invariably occluded by the ferric hydroxide ])rccipitate. Two modi- 
fications of the oxime ii’cthod may be used. 

(1) 'I'he iron, if present as a ferric salt, is converted into a complex salt by 
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adding from 1 to 2 grams of tartaric acid, and the solution diluted to 200 or 300 
cc., boiled and the nickel precipitated os the oxime in an ammoniacal solution 
by the prescribed method. Iron fonns no oxime under these conditions. 

The iron may be precipitated from this liltrete by colorless aTiunonium sul- 
phide and the sulphide convertetl to ferric oxide (l'’e 20 ,) by ignition. 

(2) Ferric iron is redu<!ed to the ferrous condition by warming with sulphurous 
acid, in a nearly neutral solution. If the original solution has an excess of a<Md, 
it is treated W'ith a solution of sodium hydroxide until a pcjrmaiient precipitate 
is formed. 'I’his is dissolved with a few drops of hydrochloric acid and th(5 in)ti 
reduced by adding fnan 6 to 10 cc. of a saturated s«>lution of sulphur dioxid.> or 
by passing dioxide through the .solutiou. The solution is diluted to 200 or 300 cc. 
and the .solution of dimeth 3 'lgIyoxime iukkid in slight excess, followed by sodium 
acetate until a jx;nuanent jwceipitate of nickel oxime is formed. After adding 2 
grams more of .sodium a<‘(!t!ite the solution is liltered immediatedj'. The iron 
is precipitated from the filtrate by oxidizing with bromine water and adding 
ammonium hj'droxide to jn’ccipitato the basic acetatt; of iron. 

Procedure (1) is suitable for the (hdermination of nickel in iron and steel. 

Separation of Nickel from Aluminum. 'I'his method is the same as i)ro- 
cedure (1) given above. 

Separation of Nickel from Chromium. This separation cannot lx; (‘arrical out 
in an acetic acitl .solution. From 1 to 2 grams of tartaric acid are added and from 
5 to 10 cc. of a 10% ammonium chloride solution, subsecpusntly. The solution 
is made ammoniacal, but no precipitsitc should form. If the solution becom<‘s 
cloud.v, it is acidified with h.vdrochloric acid and additional .ammonium chloride 
add(‘<l and again made ammoniacal and the nickel precipitated as oxime accord- 
ing to directioii.s given from this precii)itation. 


GRAVIMETRIC METHODS FOR THE DETERMINATION 

OF NICKEL 

Precipitation of Nickel by Alpha Benzildioxime 

The .alcoholic soluti«in of al{)ha l)en7.ildioximo gives .an intensely re<l precipi- 
tate of (’ 28 li 22 N 404 Ni, when added to ammoniac.al solutions containing nickel. 
The reactifm is nu*re characterLstic for nickel than is that with dimethylgly- 
oxune and is more delicj»te. In a volume of 5 cc. (according to F. H. Atack), 
1 p.art of nickel in 2,000,000 parts of water m.T.^’’ be detected. In the presence of 
100 tim.os as much as cobalt only a faint yellow color is produce*! by the cobalt. 
One j):>rt f)f nickel per million of water will cause precipitation with the compound, 
whereas no precipitate is fonned with dimeth 3 'lgl.yoximo under the s.*mie condi- 
tions. With glyoxiine iron pn»duce.s a pink color, with alpha benzildioxime 
ferrous salts give a faint viol<;t color, hence do not interfere in the detection of 
nickel. Silver, magne.sium, chromium, manganf!.se, and zinc do not interfere. 
Since the nickel precipitote with this reagent is excciedingly voluminous it is 
advis.ablo to have not more than ().02o gram t»f nicikcd in the solution in which the 
nickel is being detennined. The method is adapted to the detectiem and 
detem. illation of minute traces of the element up to small amounts of less than 
10% nickel. 



NICKEL 


287 


Regent, Alpha Benzildioxime, This may be prepared by boiling 10 grams of 
benzil (not necessarily pure) with 8 to 10 grams of hydroxylamine hydrochloride 
in methyl alcohol solution. After boilmg for throe hours the precipitate is 
filtered off and dried, washed with hot water and then with a small amount of 
50% alcohol, and dried. This dried precipitate consists of pure benzildioxime 
(m.p. 237“ C.). A further yield may be obtained by boiling the filtrate with 
hydroxylamine hydn)chloride. The reagent is prepared by dissolving 0.2 grmn 
of the salt per liter of alcohol to which is added ammonium hydroxide to make 
5% solution, sp.gr. 0.96 (50 cc. ixsr liter). 

Procedure. A slight excess of tho w**rmod solution of the above niagent is 
stirred into the ajumoniattal solution containing nickel and the whole heated 
on the water bath for a few moments to coagulate the precipitate. ()uantil>ativc 
precij)itation is comph^te after one minute. The licpiid is filtered Ihroiigh a 
(h)och crucible, with suction, or onto a filbir pajM'r, for which a count eri>oise 
has been selected. The counterpoise j)aiwr is tr(‘at«*d in (exactly thci san*.e manner 
as the one containing the precipitate. The ])r(;cipitate is washed with 50% 
alcohol, followed by hot water, and is then dri(‘d at 110“ In weighing the 
precipitate the Counterpoi.se filter is placed in the weight ])an of the balance. The 
precij)itate contains 10.93% nickel. Weight of ^ 'rRlIssN^t >4X1X0. 1093 = Ni. 

Nrn’Es. Acetone may be used insttnad of alcohol .as .a solvent of the rc‘agent. The 
coiniiound is mom soluble in a<*ctone th.an in alcohol. 

Th(! pnicipitate <loes not puss through tho filter us doc's the comixnmd with dimethyl- 
glyoxime. 

The method is alTccl.e<l by the ])rescnce of nitratc^s, hence thesci imist bo removed 
by evai)orafion of the solution with sulphuric acid to fumes, before the addition of 
the reagent to the nickel solution. 

In the ju-escauiO of cob.alt. an e\<!css of the reagent must be used, as in the ease of 
the dimethylglyoxime precii)itu(ion. 

In the ])n»«'nce of iron and chromium lloehello s.alt, sodium citrate or tartaric 
acid arc adued to prevent jTecipitatiou of the hydroxid(*s of these metals upon making 
the solution alkaline. 

In the iiresenc(5 of manganese a fairly large excess of the reagent is required, tho 
solution being slightly aeid with acetic acid. 

Zinc .and magnesium arc^ ke])t in solution by addition of ammonium chloride. 

b.arge amounts of co])j)er must be removed by ])reeipitaiing with hydrogen sul- 
]>}iide Ixifon? adrlition of the reagent. 

'I’he ni<^kel s.alt with the naigent forms an extremely voluminous precipitate so that 
a con«!entrution of O.Ot) gram of nickel i)cr 2.')() cc. is as high as is desirable. 1'he 
I)ri>i!es8 is applicable to the determination of nickel in the filtrate obtained in tho 
separation of zinc after the removal of the hydrogen sulphide, fonuic acid, etc. 

RIcthod by 1'. W. Atuck, The Analyst, 38, 418, 318. Cockbum, (Jardinor and 
Black, Analyst, 38, 439, 443. 

Precipitation of Nickel by Dimethylglyoxime 

Preliminary Considerations. This method luis been demonstrated by O. 
Bninck to be the most accurate and expeditious procedure known for nickel.* 
By this method 1 part of nickel may be detected when mixed with 5000 parts of 
cobalt or 1 part of nickel may be detected in 400,000 parts of water. The 
nickel precipitate with this reagent is ahnost completely insoluble in water and is 
only very slightly soluble in acetic acid, but is ea.sily docomfxjsed by strongly 
di.ssociatcd acids, so that the prcicipitation is incomplete in neutral solutions of 
nickel chloride, sulphate or nitrate. If, however, the free acid formed is neutral- 

*Zcit. f. ang. Chem., 20, 1844. 
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ized with sodium, potassium or ammonium hydroxides or by addition of the ace- 
tate salts of these bases, nickel will Vie completely precipitated, not even a trace 
being found in the filtrate. 

“ The quantitative determination of nickel in the presence of other metals 
is a simple operation. The nickel should be in the form of a convenient salt. 

“ The concentration of the solution does not matter; the precipitation can 
take place either in a solution of the greatest concentration, or in a very dilute 
solution. The reaction is not hindered by the presence of ammonium salts.” 

Iron, aluminum, chromium, cobalt, manganese and zinc do not interfere. 
Theoretically 4 parts of dimcthylglyoxime, added as a 1% alcoholic solution, 
are necessary; a certain excess does no harm provifled the alcohol volume does 
not exceed more than half that of the water solution containing the nickel salt, 
as alcohol has a solvent action on the oxime. The conqionnd is very stable and 
volatilizes undecom|)os<*(l at 2o0° G. 

An excess of ammonium hydroxide is also to lx; avoided in llic .solution in which 
the precipitation takes j)lace. 

It has been obs(«rved that the pr<*cipitate of nicked with dimed hylglyoxime 
may bo safely igniteel te) the e^xiele NiO withemt le)ss, if the filter is first care- 
fully charreid witheeut allowing it tei take fire, then gradually heafeel lei rexlimss. 

Procedure. Suedi an amenint of the sample sheudel be taken that the nickel 
be not over 0.1 gram, as glyoxime eef nie’ked is very veilurninous and a larg(;r amount 
would be difficult to filter. If cobalt is present it should ne)t exe-eeel 0.1 gram 
in the sample taken. ‘ 

If hydrogen sulphide has been used to precipitate members of the second 
group, it is cxiic11(mI by boiling the acid solution and the volume brought to 2.')0 cc. 

One or 2 grams of tartaric acid arc added to prevent the precipitation of 
the hydroxides of iron, aluminum and chromium by ammonium hydroxide 
(this treatment is omitted if tluvso are ab.sent), and to 10 cc. of a 10% solu- 
tion of ammonium chloride added to keep zinc and manganese in solution, should 
they be pre.sent. Ammonium hydroxide is now added until the solution is slightly 
alkaline. If a precipitate forms, ammonium chloride is added to clear the 
solution, followed by ammonium hydroxide to neutralize; the acid. The solu- 
tion should remain clear after this treat ment, otherwise flu; ammonium chloride 
is added in solution or as salt until the solution r)f the sample will remain clear. 
It is then heated to nearly boiling and the alcoholic solution of dimethylglyoximc 
added until the reagent is approximately seven times, bj" weight, the weight of 
nickel prasent. Ammonium hydroxide is now adtled until the solution has a dis- 
tinct odor of this reagent. The precipitation of the sc.arlet retl nickel salt is hast- 
ened by stirring. It is advisable to place the mixture on the steam bath for 
fifteen b) twenty minutes to allow the reaction to go to completion Ix'fore filter- 
ing. The precipitate; is filtered off, into a platinum sponge CJooch eruciljle, some- 
times known as a Neubauer CJooch crucible. (Other fomis of Oooeh crucible 
are used for this purpo.se, but the Neubauer crucible has been found to be most 
satisfactory.) The precipitate is dried for alwut two hours at 110 to 120“ C. 
and weighed as 08llMN404Ni, which contains 2QM2% Ni. 

Weight of precipitate multiplied by 0.2032= weight of nickel. 

* If the sample contains more than 0.1 gram of cobalt, a large excess of ammo- 
nium hydroxide and dimcthylglyoxime is neci>ssary to prevent its precipitation, 
hence it is advisable to take such weights of samples that the cobalt content will be less 
than this weight. 
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In place of a Gooch crucible a tared filter paper may be used. It must be remem* 
beredi however, that a blank filter paper of the same kind as used for the precipitate 
must be used as a counterbalance, after treating in exactly the same manner os the 
one containing the precipitate. Tliis is necessary because it has been found that filter 
|)aper loses weight during washing and drying. 

Precipitation of Nickel by Electrolysis ^ 

This precipitation is conducted in exactly the same manner as the one 
dcscrilied under Cobalt for the Precipitation of Ckdialt by Electrolysis, and 
reciuires that the same i)rccautions be e 'rcised in the practice of the method. 

In the presence of cobalt the two elements may be determined together 
by electrolysis as described below and the deposited metal n'dissolved and the 
tw’o elements sepjirtited by one of the methods given under (’obalt or Nickel. 

Procedure. After the sample has lM*en brought into solution by one of the 
methods outlined under Preparation and Solution of the Sample, the .solution 
is evai)orated with 20 cc. of 1 ; 1 suli)huric acid for every gram of metal in the 
sample. I'he evaporation is continued until the* solution has fumed strongly 
for l(m miimtci^. Cool carefully and dilute with 20 cc. of water. Heat the solu- 
tion to nearly boiling and pass hydrogen sulpl'.ide for mu* hour to i)recipitate 
members of the second grrmp. This long treatr”ent is nece.s«ary to insure com- 
plete precipitation of arsenic. Filter and boil to exjx*! hy<lrogen sulphide. Add 
5 c<*. nitric acid to insure* oxidation of iron compounds to the* ferric state and add 
ammonium liyeFoxide until just slightly alkaline. Filf(*r off the ferric hydroxide 
and w:ush with water containing a smalt quantify of ammonium hydroxide. To 
recover occludoil nickel di.ssolve the pree'ipitatc in hydrochloric acid and repre- 
cipitate the iron with addition of a little hydrogen i)eroxide. Combine the 
filtrates. lOvaporate to about 2.50 cc. and add .50 cc. of strong ammonium 
hydr^lxi<h^ and electndyze as described under CJobalt, i>age 144. 

The incren.se in weight f)f the* electrode is the weight of cobalt and nickel 
in the sample. The percentage of cobalt and nickel in the snm])le is found by 
nmltiidying the increase in weight of the electrode by 100 and dividing by the 
weight of the sample. 

No'I’k. The deposition of cobalt and nickel by the above n>etho<l has been found 
to be the nmst aiu'urate of the electrolytic methods. In the solutions containing the 
orgiinic acids there is always more or less carbide deposited on the cathode with the 
metal. 'I'his eauses high results. 

Nickel in Metallic Nickel 

This determination may be made in the manner described under Precipitation 
of Nickel by Ele<;l rolysis, sejjarating cobalt before or after the electrolysis or by 
tin* method described und(;r J’recipitatioii of Nickel by Dimethylglyoximc. The 
latter method i.s recommended. 

Nickel in Cobalt and Cobalt Oxide 

The dimethylglyoxiine precipitation is used in combination with the eleo> 
trolytic precipitation. See chapter on Cobalt. 

‘ W. J. Marsh, .1. Phys. Chem., 18, 705-10, 1914. 
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VOLUMETRIC DETERMINATION OF NICKEL 
Determination of Nickel in Alloys 

This method, ns described by S. W. Purr nnd J. M. Lindgrcu,* consists of 
fi modihcntion of the dimctiiylgloxiiiio method. The precipitation takes place 
in the usual manner and the precipitate is dissolved in suli)huric acid and the 
excess titrated with a standard solution of ])otassiutn hydroxide. 

Procedure. The alloy is dissolved in nitric or hj'drochloric acids and if iron, 
aluminum or chromium are present twice tlieir weight of tartaric acid is added 
to prevent tlieir precipitation. If chromium is present ammonium chloride is 
also added. If manganese or zinc is present hydrochloric acid should be used and 
piost of the free acid evaporated. Add a f<‘w cc. of hydrogen peroxide to oxidize 
any ferrous iron to the fi'rric state. Dilute to ^t(K) or 400 cc. and neutralize the 
fiuo a<’id by sodium aci'tate. Heat the .solution to nearly boiling and add fiv(‘ tinu*s 
os much dimethylglyo.\imc, in 1 % alcoholic solution, as the nickel present. Then 
coinpletelv neulr.'ilize with aniiiioiiium hydroxide, u.siug ;i very sligld exce.ss (or 
the solution niay be neutralized with sodium acetate). TTcat unlil all the nickel 
is precipitated. Filter and wash. I’lace the 2 )recipit.;ite ami filti'r in a beaker, 
add an cxce.s.s of O.OoN sulphuric acid, dilute to 200 cc., heat unlil .solution is 
complete and titrate back with 0.1 N potassium hydroxide solution, taking the 
first faint yelhmnsh tinge as the end-point. The solutions are standardizeil 
against pure nii’kel. 

Notk. Cobalt should not exceed 0.1 gram per 100 C(!. and an excess shonhl lie 
u.sed of the diiucthylglyoximo. 


Nickel in Nickel-plating Solutions 

In most ea.se.s it is (juito unnoces.sary to .s(‘])arato the cobalt from the jiickcl 
in making this debinrination and, as the jmncipal im|)urity is usually inm, the 
l)c.st practice is to follow the method given under rreciinlsition of (.'oball by 
E'cctrolysis, page 144. 

If chlorides or organic; matter are present in the solution the preparation 
of the solution for electrolysis is accomplished in the following manner: 

From the woll-stirred solution in the plating tank, withdraw about 200 cc. 
and place in a small beaker. Prepare a l(M)-cc. burette by thoroughly clean- 
ing it with the sulphuric acid and pobissiuni bichromate mixture and distilled 
water. Wash finally with a f(‘W cc. of the nickel solution and fill the bun'tte with 
the solution from the plating tank. 

Run (56.7 cc. into an evai)orating dish and add 2 cc. 1 : 1 sidphurie; acid. 
Evap<irate to funies of suli)hur trioxule and allow to fume strongly fi)r ten iv.in- 
utes. Dissolve in a little water. Dilute to 2(H) cc. can'fully, neutralize with a 
solution of iimmoTiium hydroxide and add fiO cc. of strong ammonium hydroxide 
and electrolyze. (Sec Precii)itation of C’obalt by lOlcclrolysis.) 

The increase in weight of the cathode in grams nudtiplied by 2 gives the 
weight in ounces of nickel in one United States gallon of the plating solulion. 


* S. W. Parr and J. M. Lindgnm, Trans. Am. Brass Founders’ Aasoe., 6, 120-5). 
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Element, N 2 y af.irf. 14.01 ; D. (air) 1.9674; m.p. -210”; b.p. — 105.5*’ C.v 
oxides, NaO, N 2 O 2 , NaO^, Na 04 » NaO*. 

Ammonia, Nila* m.w, 17.03; D. {air) 0.5971 ; sp,gr, liquid 0.6234; m.p. 
—77.3®; ft.p. — 38..5®C. Oif. iemp. 130®; liquid at with A,‘i atmospheres 
pressure. Commercial 28% Nila, sp.gr, 0.90. 

Nitric Acid. IlNOj, m. ir., 6:i.02; sp.^rr. 1.53; m.p. —41.3; b.p. 86®C. 
Boiling-point of commercial 95% acid is a little above 86°, hut gradually 
rises to 126° and the strength of acid falls to 68.9 /< , sp.gr. is then 1.42. 
The acid now remains constant, the distillate being of the same strength. 


DETECTION 

Element. Organic Nitrogen. Orgjinid matti'r is docojuposcd by houting 
in a Kjcldahl flask Avitli (‘oiiccntratcd sulphuric acid as described under prepara- 
tion and solution of the sample. Ammonia may now be liberated from the sul- 
l)hale and so detected. 

Nitrogen in Gas. Kccognized by its iixirtness towards the reagents used 
in gas analysis. 'I'he element may be recognized b.y means of the spectroscojMi. 

Ammonia. Free ammonia is readily recognized by its characteristic odor. 
A glass rod difiped in hjidioc/ihn'c acid and held in fumes of ammonia produces 
a while cloud of amnumium chloride, Nlf^f'l. 

MtiiU ml lilniiiif pajnr is turn<‘d Idue by ammonia. Upon heating the paper 
the red color is restored, upon volatilization of ammonia (distinction from fixed 
alkalies). 

Nesslcr*s Testd Nos.sler’s reagent added to a solution containing ammonia, 
combiiKid or free, produces a brown preci])itat.e. Nilgai - HaO. If the ammoniacal 
solution is sufficiently dilute a yiillow or reddish-brown color is produced, acconl- 
ing to the amount of ammonia present. The reaction is used in detennining 
ammoni:i in water. 

Salts of ammonia are decomposed by heating their solutions with a strong 
ba.se such as tlui hydroxides of the fixed alkalwjs or the alkaline earths. The 
odor of ammonia m;iy now be detected. 

Nitric Acid. Ferrous Sulphate Test, Aliout 1 to 2 cc. of the concentrated 
solution of the substance is added to 15 to 20 cc. of strong sulphuric acid in a 
test-tube. After cooling the mi.\ture, the test-tube is inclined and an equal 
volume of a sat,urated solution of ferrous sulphate is allowed to flow slowly down 
over the surfa<‘e of the acid. The tidie is now held upright and gently tapiied. 
In the jiresence of nitric acid a brown ring forias at the junction of the two 
solutions. 

' The migent is injide by dis^dving 20 gnuns of jKitossium iodide in .TOcc. of water, 
adding 32 grams of mercuric iodide and diluting to 200 cc. To this is added a solution 
of potassium hydroxide — 134 grams KOH p«;r 200 cc. HaO. 
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The test for nitrate may be made according to the quantitative procedure 
given for determining of nitric acid (see later). It should be remembered that 
ferrous sulphate should be present in excess, otherwise the brown color is 
destroyed by the free nitric acid. Traces of nitric acid in sulphuric produce 
a pink color with the sulphuric acid solution of ferrous sulphate. (See Deter- 
mination of Nitric Acid— -Ferrous Sulphate Method.) 

Ferro- and feriicyanides, chlorates, bromides and bromates, iodides and 
iodates, chromates and permanganates interfere. 

Diphenylamine Tests for Nitrates. (CsHOiNH dissolved in sulphuric acid 
is added to 2 or 3 cc. of the substance in solution on a watch-glass. Upon gently 
warming a blue color is produced in presence of nitrates. Nitric acid in sul- 
phuric acid is detected by placing a crystal of diphenylamine in 3 or 4 cc. of the 
acid and gently wannhig. Cl', CU, Ur’', U, Mn'*“, Cr’'*, 80 " Fe'" interfere. 

Copper placed in a solution contivining nitric acid liberates brown fumes. 

Pfaenolsulphonic Acid Test. Sue chapter on Water Analysis. 

Detection of Nitrous Acid. Acetic Acid Test. Acetic acid added to a 
nitrite in a test-tube (incliiie<l iis directed in the nitric; acid test with ferrous 
sulphate), produces a brown ring. Nitrates do not give this. If potassium iodide 
is present in the solution, fr(;e iodine is lil)crnted. The free iodine is absorbed 
by chloroform, carbon tetrachloride or disulphide, these reagents being colored 
pink. Starch solution is colored blue. 

Nitrous acid reduces iodic acid to iodine. I’he iodine is then detected with 
starch, or by carlmn disulphide, or carlx>n tetrachloride. 

Potassium Permanganate Test. A solution of tlie reagent acidified w'ith sul- 
phuric acid is decolorized by nitrous acid or nitrite. The test serves to detect 
nitrous acid in nitric acid. Other reducing substances must bo absent. 

ESTIMATION 

Occurrence. Element. Free in air to oxt<‘nt of 78 %+ by volume and 
76% — by weight. 

Air weiglit of I liter = l. 2 f).‘i grams. With oxygen as 32, air =28.9;'). 


(’oMPosiTioN OF Aik. On tiik Hasis of I()(K) Liteus of .Atmospiif.ke 


Klonient. 

1 

Liters per i 

KMX) I. 1 

WcmkIiI p« r 

1 KXX) 1. s 

I*iT cfiit I»y 
Vol. 

per cent by 
Wt. 

Nitrogen 

7S0.3 1 

1 97 .'). 80 

78 1 

75 . 47 - 

Oxygen 

20f).9 

2m). 84 

21.0 

23.19- 

Argon 

9.4 

16.76 

0.9 

1.296+ 

Carbon dioxide 

0,;^ 

0.59 

0.04 

0.045 

Hydrogen 

0.1 

O.Ol 



Neon 

0.015 

0 01 : 1:19 



Helium 

0.0015 

0.(K)027 



Krypton 

0.(KKX)5 

0.(XK)1S 



Xenon 

O.OIKKHM) 

1 

0 . 0000:1 




Water-saturated air contains 2.4 grams 11*0 at — 10 °; 4.0 grams at 0 °; 17.2 
grams at 20° and 55 grams 11*0 at 40° O. Ordinarily 50 to 70% of this is present. 

Nitrogen is found combined in nature as potassium nitrate (salti)eter), KNO*; 
sodium nitrate (Chili saltiicter), NaNO*, and to a less extent as calcium nitrate, 
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CaCNOa)*. It occurs in plants and in anitnals, in the substances proteids, blood, 
muscle, nerve substance, in fossil plants (cuiil), in guano, ammonia and ammo- 
nium salts. 

Free nitrogen is estimated in the complete analysis of gas mixtures. In 
illuminating gas the other constituents are removed by combustion and absorp- 
tion and the residual gas measured as nitrogen. 

Total nitrogen in organic substances is best determined by decomposition 
of the materials with sulphuric acid as described later, and estimating the nitro- 
gen from the ammonia formed. 

Combined nitrogen in the form of ammonia and nitric acid specially concerns 
the analyst. In the evaluation of fertilizers, feedstuffs, hay, fodders, grain, 
etc., the nitrogen is estimated after conversion to ammonia. Ammonia, nitrates 
and nitrites may be required in an analjrsis of sewages, water, and soils. Nitric 
acid is determined in Chili saltpeter, in the evaluation of this material for the 
manufacture of nitric acid or a fertilizer, the nitrate bemg reduced to ammonia 
and thus estimated. 

We will take up a few of the characteristic substances in which nitrogen 
estiitiations are required, e.g., in organic substances as proteids, in soils and 
fertilizers; in ammonium salts, nitrates, and nitrites, free anmionia in ammonia- 
cal lic^uors, nitric acid in the evaluation of the commercial acid and in mixed acids. 

In general nitrogen is more accurately and easily measured as amnionia, to 
which form it is ooiu'crtcid by reduction methods. I^argo amounts are detennined 
by titration, whercjis small amounts are estiimited oolorimctrically. Nitric 
acid and ni<rat*!s may be d<‘termined by direct titration by the Ferrous Sulphate 
Method outlined later. The procedure is of value in estimation of nitrates in 
mixed aends. The nitrometer method for detennining nitrates (including 
nitrites), and the free acid in mi.xed acids, is generally used by manufacturers 
of exi)losives. 

Preparation of the Sample 

It will be recalled that com|M>unds of ammonia and of nitric acid are generally 
soluble in water. All nitrogen comijounds, however, are not included. Among 
those which are not readily soluble the following deserve mention: comptjunds 
of nitrogen in many organic substances; nitrogen bromophosphide, NPBr*; 
nitrogen selenide, NS<!; nitrogen sulphide, N4S4; nitrogen pcmtjisulphide, N2S6; 
ammonium antimonate, NJl4Sb(.):i-211*0; ammonium iodate, irN4lOs ( 2.6 grams 
per 100 cc. 3120 ); ammonium chlorplatinate, (Nll4)2l’tC’l6 ( 0.67 gram); ammo- 
nium chloriridatc, (NIl4)2lrC'l« ( 0.7 gram); aimnonium o.xalate, (NH4)2C204*ir20 
( 4.2 grams); ammonium phosphomolybdatc, (NH4)3P04’12MoO» ( 0.03 gram); 
nitron nitrate, C2oHi(iN4'HN03. 

Organic Substances 

By oxidation of nitrogenous organic substances with concentrated sulphuric 
acid, containing mercuric oxide, or potassium permanganate, the organic matter is 
destroyed and the nitrogen is changed to ammonia, which is held by the sul- 
phuric acid as sulphate. Nitrates arc reduced by addition of salicylic acid, 
zinc dust, etc., previous to the oxidation process. Practically all the procedures 
are based on the Kjeldahl method of acid digestion. The modification, com- 
monly known as the Kjcldahl-Gunning-Arnold Method, is as follows: 
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Method in Absence of Nitrates. Weight of Sample. Fertilizers 0.7 to 
3.5 grams. Soils 7 to 14 grams, ^fent and ment products 2 grams. Milk 5 
grams. Tho amount of tlu* siibstanc<i to be taken should l)c governed by its 
nitrogen content. ‘ 

Acid Digestion.^ 'I'lie material is f)l:ie<'d in a Kj(‘ldiilil flask of about 550 ce. 
capacity. Approxinuitcly 0.7 gram of luereuric o.\i<.le or an equivalent arnouiit 

of melallie mercury together with 10 
grams tif ])owdered iK)tassium sulphate 
followed by '-() to 30 cc. of concentrated 
suli)hiiric acid (sp.gr. I.S4) an* added. 
The flask is placed in an inclined posi- 
tion, resting in a large circul;.r ofiening 
of ail asbestos boai’d. The flask is lu'atcd 
with a small flame until the frothing has 
ceased. (A pi<*ce of parafliii n ay be 
added to prevent ext nine frothing.) 
The heat Ls then raised anti the acid 
brought to brisk boiling, the heating 
bt*ing continued until the solution be- 
comes a pale straw color, or practically 
water white. (In case of h'ather, scraji, 
cheese, milk products, etc., a more pro- 
longi*(l digestion may be retiuired. AVith 
a good flame from one-half to one hour 
of acid digestion is generally sufficient 
to completely deeomiiosc the material.) 
The flask is now removed from the flame 
and after cooling the solution is diluted 
with about 200 ec. of water and a few 
pieces of granulatcHl zinc added to pre- 
vent “ bumping ” (50 mg. or so of No. 
80 granulated zinc). The solution is 
now alkalized strongly by addition of a 
mixture of sodium hydmxide and sodium suliihide solution (about 75 cc. of a 
mixture containing 25 grams of NaOIl and 1 gram Na-jS). I’henolphthalein 
indicator added to the solution will show when the acid is neutralized. Tho 
flask is connected by means of a Hopkins distillation tube (f’ig. 53) to a con- 
denser and aboiit 150 cc. of the solution distilled info an excess of sf,andard sul- 
phuric acid and the excess of the acid determined by titration with standard 
sodium hydroxide. (Methyl red indicator.) 

The ammonia may bo absorbed in a saturated solution of boric acid and 
titrated directly with standard acid. (Methyl orange indicator.)* 

One cc. N/10 n»S 04 =0.001704 gram NH,. 

>Sco data of ai>proximatc nitrogen content in certain nitrogenous su)>.stunces. Jour. 
Ind. Kng. (’hem., 7, 357, 1915. 

* Fig. 50 shows a comjwct app-iratus with several sets of fliusks and coiiden.sers, 
which enable half a dozen or more determinations to be made iit one time. 

* L. AV. Winkler, Z. angew. Chem., 27, 1, (530-2, 1914. E. Uernard, iljid., 27, 1 , 
664, 1914. 
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In Presence of Nitrates. The i)roecduro differs from the former in the 
preliminjiry tivjitnuMit to reduee the iiitrales. The mal-erial in the flask is 
treat(‘«i with a mixture of .‘iO to Ho oe. of strong sulphuric acid containing 1 gram 
of sahc.ylic acid and the mixture shaken and allowed to stand for five to ten 
minutt'S witli freciuent ngiialioii. About 5 grams of sodium thiosuljdiate arc now 
addl'd and the solution lieated for five minutes. After cooling, mercuric oxide 
or metallic mercury and potassium sul[)hafe are added, and the solution treated 
as directed above. 

Notks. Mercuric oxide or metallic mercury are added as a catalyzer to assist the 
oxiilation of tlio organic matter. The digestion ])rocess is shortened considerably 
b.v its use. Jii j)lace_of meri-iiric oxide or the metal, coi)jM3r sulphate may bo used. 
In this casi^ the addition of sixlium suljdiide is onutted. Copper sul|)hate acts as an 
indicator in the neutralization of the sam)>le with caustic. 

Potassium sulphide is addcrl to remove the mercury from the solution and i)rcvent 
the formation of mercur-amjnon,ium comixmnds, which are not completely decomposed 
by soiliuin hydroxide. 

A blank determination should bo made on the reagents used with sugar as tho 
organic substiincc. 

Soils. Available Nitrates. Five hundred to 1000 grams of the air-dried 
soil is extj’acted with 1 to 2 liters of water containing 10 to 20 grams of dextrose. 
Fifteen to twenty hours of leaching is sufficient. An aliquot portion is taken 
for amdysis. 

Ammonium Salts. The sample is placed in the distilhition fltusk with splash 
bulb as described in the modified Kjoldahl jirocedure for organic substances, 
and the material di'composed with ammonia-free caustic solution. Tho ammonia 
is distilled into an excess of standard acid or a saturated solution of boric acid 
(neutral to methyl orange), and the uimuonia determined as usual, either by 
titration of tho excess of acid, or by direct titration with acid, according to the 
absorbent used. 

Nitrates. The sample, broken dovvn as (hie as {Mssible, is dissolved in 
water, decomposed with Devarda alloy and distilled ns described by the modi- 
fied Devarda methods given h'ter. 

Nitrites. The material, dissolved in water, is titrated with standard perman- 
ganate solution according to the procedure described later. 

Mixtures of Ammonium Salts, Nitrates, and Nitrites. Ammonia is 
determined by distillation with caustic as usual. The nitrite is titrated with 
permanganate. Total nitrogen is determined by the modified Devarda methods. 
Nitric acid is now estimated by difference, e.g., from tho total nitrogen is deducted 
the nitrogen duo to ammonia together with the nitrogen of the nitrite and the dif- 
ference calculated to the nitrate desired. The nitrate may be determined in pres- 
ence of nitrite and ammonia by direct titration with ferrous sulphate. The 
detailed procedures ma.v bo found under the Volumetric Methods. 

Nitric Acid in Mixed Acid. This is best determined by the ferrous sulphate 
method for nitric acid. The nitrometer method is also excellent. 

SEPARATIONS 

Ammonia. No special separation need be considered in the determination 
of ammonia, '^rhe general method has already been mentioned by which 
ammonia is liberated from its salts by a strong base and volatilised by heat. 
This effects a separation from practically all substances. 
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Nitric Acid. The compound may bo isolated as the fairly insoluble, crys- 
tidlinc nitron nitrate, C^oUwN^’HXOa by the following procedure. 

Such an amount of the substance is taken as will contain about 0.1 gram 
nitric acid, and dissolved in about 1(K) cc. of wat<*r with addition of 10 drops 
of dilute sulphuric acid. I’he solution is heated nearly to boiling and about 
12 cc. of nitron acetate solution added (10 grams of nitron in 100 cc. of .'5% acetic 
acid).* The solution is cooled and pl.-iced in an ice pack for about two hours, 
and the compound then transferred to a (Jooch or Alunroe crucible (weighed 
crucible if gravimetric method is to be followed), and after dniining, it is washed 
with about 10 to 12 cc. of ice-water added in sn ail portions. The nilrate may 
now be determined gravimetrical ly by drying the pn'cijjitate to constant ^^•eight 
at 1 10® C., 10.53% of the material being due to XO3. 

The base diphenyl-endo-anilo-hydro-triazole (nitron) also precipitates the 
following acids: nitrous, chromic, chloric, p(*rchloric, hydrobromic, hydriodic, 
hydroferro- and hydroferricyanic, oxalic, picric and thiocyanic acids. Ilcnco 
the.se must be al^sent from the solution if precipitation of nitric acid is dc.sired for 
quantitative estimation. 

Removal of Nitrous Acid. Finely powdered hydrazine sulphate is dropped 
into the concentrated seilution. (0.2 gram substance jx'r .5 or (i cc.) 

Chromic acid is reduced by addition of hydrazine sulphate. 

Hydrobromic acid is decomposed by chlorine water added drop by dn)p 
to the neutral solution, which is then boiled until the yellow color has dis- 
appeared. 

Hydriodic acid is removed by adding an excess of ix)tussium iodate to 
the neutral solution and boiling until the iodine is expelled. 


PROCEDURES FOR THE DETERM I NATION OF COMBINED 

NITROGEN 

Ammonia 

The vf)lumetric procedures for datermimition of ammonia ar(^ preferred to the 
gravimetric on account of their accuracy and geiu^ral applicability. The fol- 
lowing gravimetric method may occasionally lx; of u;;o: 


Gravimetric Determination of Ammonia by Precipitation as 
Ammonium Platinochloride, (NH4)2PtCl6 

Anmionia in ammonium chloride may be detennined graviinetrically by pre- 
cipitation with chlorplatinic acid. The method is the reciprocal of the one for 
detennining platinum. 

Procedure. The aqueous solution of the ammonium salt is treated with an 
excess of chlorplatinic acid and evaporated on the steam bath to dryne.ss. The 
residue is taken up with absolute alcohol, fdtered through a weighed (jooch cru- 
cible, and washed with alcohol. The residue may now be dried at 130° C. and 
weighed as (NH4)2PtCl6, or it may be gently ignited in the covered crucible until 

* M. Busch, Ber., 8'^, Slil (1905), Treadwell and Hull, “ Analytical Chemistry." 

* Keep nitron reagent in a dark-colored bottle. 
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ammoiiiuiti clilorulu luis been Jargoly oxpollc'd and llioti more strongly with free 
a(!cess of air. Tho rcsidufi of inotallit! platinum is weighed. If the ignition 
method is to be followed, the ammonium i)lalinic ehlorhle may be filtered into a 
sinall filter, the pajK'r with tlui washed precipitate jjlaced in a porcelain crucible 
and then gently lieated until the paper is ch:irn*d (crucible being covered) and then 
more strongly with free access of air tint il the carbon has been destroye<l. 

I’actors.i (XIl4),l’t(’l«X0.210()=XH4Cl, or O.OSOn.') =XIl 4 , or‘x0.07C7 = 
Nils. PtX0.r)^53 =NH4C1, or X0.183‘) =Nll 4 , or X0.173G =Xir 3 . 


VOLUMETRIC METHODS FOR DETERMINATION OF 

AMMONIA 

Two conditions are considered : 

A, Kstimation of free ammonia in solution. 

B. Detenuination of ammonia in its salts — combined ammonia. 

Analysis of Aqua Ammonia 

Provided no other basic constituent is present, free ammonia in solution 
is best detennined by direct titration with an acid in presence of methyl orai ge 
or m3thyl red as indicator. 

Procedure. About 10 grams of the solution in a weighing bottle with glass 
stopper is introduced into an 8(K)-cc. Erlcmncyer flask containing about 200 cc. 
of water and sufficient i nornxal sulphuric acid to combine with the ammonia 
and about 10 cc. in excess. The flask is stoppered and warmed gently. This 
forces out the stopper in tho weighing bottle, the ammoniii combining with 
the acid. Upon thorough mixing, the solution is cooled, and the excess of acid 
is titrated with half normal caustic. 

One cc. i N. HiS 04 =0.(K)85 gram NH,. 

Factor. 11*804X0.3473 =NH,. 

Notk. The aqua ammonia exjwsed to the air will lose ammonia, hence the sample 
should i>c kei>t stopj^ered. This loss of a:nmonia is (luito appreciable in strong 
amrnoniacal solutions. 


Determination of Combined Ammonia. Ammonium Salts. 

Strong bases decompo.se ammonium salts, liberating ammonia. This may be 
distilled into standard acid or into a saturated solution of boric acid (neutral to 
methyl orange) and titrated. 

Procedure. About 1 gram of tho substance is placed in a distillation flask 
(see Fig. r>0) and excess of sodium or potassium hydroxide added and the 
ammonia distilled into a saturated solution of boric oci<l or an excess of standard 
sulphuric acid. Ammonia in boric acid solution may bo titrated directly with 
standard acid (methyl orange or methyl red indicator) or in case a mineral acid 

1 Factors recommended by Treadwell and Hall, “ Analytical Chemistry," 2, John 
Wiley & Sons. 
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was used to absorb the ammonia, the excess of acid is titrated with standard 
caustic solution. 

One cc. half normal sulphuric acid =0.00.So ^ram Nil*. 

One cc. normal acid =0.0170;i gram XIIj. 

Factors. 11,804X0.3473 = Nil, and XHsX2.S792 =11,804. 


ANALYSIS OF AMMONIACAL LIQUOR 

The crude luiuor by-product from coal gas in addition to ammonia contains 
hydrogen sulphide, carbon dioxide, liydrochloric a<’id, sulpliuric acid, combineu 
with ammonia, also sulphites, thiosulphates, thiocyanates, cyanidc'S, ferrocyanides, 
phenols. 

Determination of Ammonia 

Volatile Ammonia. This is detttrmined by distillation of the ammonia into 
an excess of staiulard sulphuric acid and titrating the excess f)f acid. With tin! 
exception that caustic soda is omitted in this determination, the dcbiils are the 
same as those for total ammonia as stated in the n(*xt paragraph. 

Total Ammonia. The true value of (he lifiuor is sisccitained by its total 
ammonia content. Ten to 25 cc. of the sample is diluted to about 2.’)() cc. in 
a distilling flask with a i)otash connecting bulb, as previously clescribed, 20 cc. 
of .5% sodium hydroxid** are a<ldod and about 150 cc. of solution distilled into an 
cxce.ss of sulphuric acid. The excess is then titrated according to the standard 
procedure for ammonia. 

One cc. X. 112804=0.01703 gram Xll.i. 

Fixed Ammonia is the ditterence betweem the total and the volalile ammonia. 


Carbon Dioxide 

Ten cc. of the lupior are diluted to 400 cc. and 10 cc. of 10% ammoniacal 
calcium chloride addetl and the mixture, phxced in a flask with liun.sen valve, is 
digested on the w.ater bath for two hours. The j)recipitated calcium carbonate 
is washed, plac(‘d in .a flask and an excess of X/2 IIC3 added and the excess acid 
titrated with X/2 XaOII. 

X/2 HC‘1 =0.01 1 gram CO*. 

Hydrochloric Acid 

Ten cc. of the Inpior is diluted to 1.50 cc. and boih'd to remove ammonia. 
Now h 3 ’'drogen pero.xidc is added to oxidize; organic; matter, etc., tlu; mixture being 
boih'd to remove the exce.ss of the peroxide. Chlorine is titrated in presence of 
potassium chromate as indicator by tenth normal silver nitrate after neutraliz- 
ing with dilute nitric acid. 

One cc. X/10 AgNO* =0.00364 gram IlCl. 
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Hydrogen Sulphide 

To 10 cc. of the liquor aro added an oxeess of ammoniacal zinc chloride or 
acetate, the mixture diluted to about SO cc. and wanned to 40®. After settling 
ff)r half an hour the zinc sulphide is fdtoied off and washed with warm water 
(40 to frf)®); the precipitate is washed from the filter into an excess of N/10 
iodine solution, the sr’phide clinging to the pai)er washed into the main solu- 
tion with hydrochloric acid. I'he mixture is acidified and the excess iodine 
titrated with N/10 sodium thiosulphate. 

One cc. N/10 I =0.0017 "^ram IIjS or O.tMllO gram S. 

Sulphuric Acid 

250 cc. of the liciuor is concentrated to 10 cc., 2 cc. of concentrated hydro- 
chloric added and the mixture heated to decoinixKse any thiosulphate, sulphide 
or sulphite i)resent. The concentrate is extractc'd with water, filtenxl and itiade 
to 250 c(;. 'Phe sulphuric acid is now precipitaUnl in an aliquot portion with 
barium chloride. 

H{iS()4X0. 4202 = 1 T,S 04 , or XO.bi?! =S present as JI 2 SO 4 . 

Total Sulphur. I’ifty cc. of the li(]uor is run by means of a pipette into 
a deep beaker (250 cc. capacity), containing an exce.ss of bnanine covered by 
dilute hydrochloric acid. The ii'ixture is evaporated to dryness on the stoim 
bath and th(< residue taken up with water and diluted to 250 cc. Sulphur is 
now ])recipitated as biiriuin sidjihate as usual, preferably on an aliipiot portion. 

For a more con>plet(5 analysis (*f crude Ikiuor determining suli)hite, thio- 
sulphate, thiocyanate, hydrocyanic acid, ferrocyanic acid, and phenols the analj'st 
is rc'ferred to Lunge, “ 'rechnical Mc'thods of Chemical -\nalysLs,” Part II, Vol. 11, 
1). Van Nostr;ind ('o. 

Determination of Traces of Ammonia 

The determination of traces of ammonia is best .‘K'eomplished by tluj colori- 
m(!tric method with Nessler's reag<!nt, Jh:tiiils of the procedure are given in the 
chiii)t(‘r on water analysis. 


NITRIC ACID. NITRATES 

The .alkalimetric method for determining free nitric acid, and the complete 
analysis of the commercial proiluct are given in the chapter on Acids. Special 
procedures for detenuining the combined ackl are herein given. 

Gravimetric Method for Determining Nitric Acid by Precipitation 
as Nitron Nitrate, CaoHjo N4 HNO3 

As in case of ammonia the voluir.etric methods are generally preferable for 
determining nitric acid, combined or free. Isolation of nitric a<‘id by precipita- 
tion as nitron nitrate may occasionally be ustid. The fairly insoluble, crystalline 
comiMJUnd, ( ’*olIieN 4 »HN()s is forived by addition of the base diphenyl-endo- 
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anilo-hydro-triazole (nitron) to the solution containing the nitrate as directed 
under Separations. The precipitate washed with ice-water is dried to constant 
weight at 110® C. 16.53% of the compound is NO*. 

Note. The following acids should not be present in the solution, since their 
nitron salts are not readily soluble: nitrous, chromic, chloric, perchloric, hydrobromic, 
hydroiodic^ hydroferrocyanic, hydrofcrricyanic, oxalic, picric and thiocyanic acids. 

Solubility of less soluble nitron salts in 1(X) cc. of water. Nitron nitrate =0.0099 
grain, nitron bromide = 0.61 gram, iodide =0.017 grain, nitritc=0.19 gram, chromate 
= 0.06 gram, chlorate 0.12 gram, j)crchloratc= 0.008 gram, thiocyanate =0.0*1 gram. 
(Treadwell and Uall, “Analytical Chemistry, Quantitative Analysis.”) 


VOLUMETRIC METHODS 

Direct Estimation of Nitrates by Reduction to Ammonia. 
Modified Devarda Method ^ 

An accurate procedure for the determination of nitrogen in nitrates is Allen’s 
modification of the Devarda method. Tlie method is ba.sed upon the quantita- 
tive reduction of nitrates to ammonia in an alkaline solution by an alloy con- 
sisting of 45 parts of aluminum, 50 parts of copper and 5 parts of zinc. The 
ammonia evolved is distilled into standard sulphuric acid and thus esthnated. 
The method, originally designed for the valuation of sodium or potassium nitrates, 
is also of value in the determination of nitric acid, nitrites or ammonia. In the 
latter case the alloy is omitted. 

Reagents Required. Devarda’ s Alloy. Forty-five parts almuinum, 50 parts 
copper and 5 parts zinc. The aluminum is heated in a Hessian crucible in a fur- 
nace until the aluminum begins to molt, copper is now added in small portions 
until licpiefied and zinc now plungt'd into the molten muss. The mix is heated 
for a few moments, covered and then stirred with an iron rod, allowed to cool 
slowly with the cover on and the crystallized mass pulverized. 

Standard Sulphuric Acid, 'J'his is ma<le from the stock CM’, acid liy dilu- 
tion so that 1 cc. is oipuil to 0.0057 gram H 2 S() 4 , 100 ec. of acid of this strength 
being equivalent to aiiproximately 1 gram of sodium nitral.e. (A tenth normal 
acid will do, a smaller sample being taken for analysis.) Since it is neces.sary to 
standardize this acid against a standard nitrate, it is advisable to have an acid 
especially for this determination rather than a common reagent for general use. 

Standardization of the Acid. 1 1 .6 grams of standard potassium nitrate, 
equivalent to about 9.6 grams of NaNOs, is di.ssolved and made to volume in the 
weighing bottle (1(W> ec.), and JO cc. is placed in the Devarda flask, rculuced and 
the ammonia distilled into 100 ec. of the acid, exactly as the following method 
describes. The temperature of the acid is mjted and its value in term.s of IbSOi, 
KNO» and NaNOs stated on the container. I’lie acid expands or contracts 
0.029 cc. for every degi^ee centigrade above or below the temperature of stand- 
ardization. 

Standard Potassium Nitrate. 'I'he purest nitrate that can be obtained is 
recrystallized in small crystals, by stirring, dviring the cooling of the supt^rsatu- 
rated concentrated solutit)n, and dried first at 100“ for several hours and then 

‘ Paper by W. S. Allen, Clencral Chemical CJompany, Eighth International Con- 
gress of Ai>pUed Chemistry. 



NITROGEN 


301 


at 210“ C. to constant weight . C’hlorides, sulphates, carbonates, lime, magnesia 
and s»)dium are tested for and if present are determined and allowance made. 

Standard Sodium Hydroxide. This should l)e made of such strength that 1 cc. 
is equal to 1 ce. of tljc standard acid, 2 ec. methyl red being used as indicator. 
Ten cc. of the aci<l arc diluted to 500 cc. and the alkali added until the color of 
the indicator changes from a red to a straw color. 

Methyl Red Solution. 0.25 gram of methyl red is dissolved in 2000 cc. of 
95% alcohol; 2 cc. of the indicator is used for each titration. As the indicator 
is sensitive to CO*, all water used must first be boiled to expel carbonic acid. 
(Baker & Adamson, manufacturers of methyl red.) 

Sodium Hydroxide — Sp.gr. 1.3. Pure sodium hydroxide is dissolved in 
distilled water and boiled in an uncovered casserole with about 1 gram of 
Devarda’s alloy to remove ammonia. This is cooled and kept in a well-stoppered 
bottle. 

Apparatus. This is shown in the accompanying illustration. Fig. 51 . It consists 
of the Devarda flask connected to the scrubber K, filled 'with glass wool. This 



scrubber is heated by an electric coil or by steam passed into the surrounding 
jacket. The scrubber prevents caustic spray frc/iu being carried over into the 
receiving flask O. 'I’lio fonn <»f the apiKimtus can Iwst be ascertained from the 
sketch. 

AVeighing bf)ttle with graduation at 100 ec. and a 10-cc. dropper with rubber 
bulb is used for weighing out the sample in solution. See Fig. 52. 
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Preparation of the Sample 

Weight. It is advisable to take a large sample if possible, c.g., 100 grams 
of NaNOs, 119 grams of KNOj or about 80 grams of strong IIXO3 (95%) or more 
if the acid is dilute. Solids are taken from a large sami)le, all 
lumps being broken down. After dissolving in water the sample 
is made up to 1 liter. (Scum is broken up by addition of a 
little alcohol.) One hundred cc. of this solution is placed in 
the weighing bottle, which has beem previously weighed, being 
perfectly clean and dry. The difference is the weight of the 
100-cc. sample. 

Manipulation. All parts of the apparatus arc w:i.sh(‘d out 
with C().-free water. All water used in this determination 
should be boiled to exiicl ('()«. Ninety-eight cc. of tin* standard 
acid is jdaced in flask O and washed down with 2 to 3 ec. of 
water. Two ec. of the standard acid is j)lac(*d in flask P aiul 
wsished down witli 10 cc. of water and 13 to 11 drops of methyl 
Ficj. 52. red indicator added. Connections arc made between the flasks 
Weiehina Bottle scrublier. (I'he correction is made for the acid, the 

and Dropper tempemture being noted at the time of witlnlrawal.) A cas- 
serole, filled with cold water, is placed imder F (sec illustration). 
The stem E is removed from the Devarda flask and 10 cc. (or more?) of the 
nitrate added by means of the dropjjcr in the weighing bottle, a funnel having l)een 
inserted in the flask. 'Fhe bottle row'cighed gives the weight of the sample 
removed, by difference. The nitrate is washed down with 10 cc. of water and 
25 cc. of 20% caustic added (free from NHa), the alkali washed down with 10 cc. 
more of water and then 3 grams of Devarda alloy placed in the flask by means of 
dry funnel. The stem E is quickly replaced, the stopcock being turned to close 
the tube. The reaction begins veiy soon. If it becomes violent, the reaction 
may be abated by stirring the water in the casserole, thus cooling the sample. 
After the energetic action has abated (five minutes), the casserole with the cold 
water is removed and the action allowed to contmue for twenty minutes, mean- 
time heat or steam is turned on in the scrubber. E is connected at C to the 
flask B containing caustic to act as a scrubber. It is advisable to have a second 
flask containing sulphuric acid attached to the caustic to prevent ammonia from 
the laboratory entering the system. A cas.serole with hot vrater is placed under 
F and the burner lighted and turned on full. A gentle suction is now applied 
at Rf the stop-cock D being turned to admit puns air into the evolution flask; the 
rate should be about 6 to 6 bubbles per second. The suction is continued for 
thirty minutes, hot water being replaced in the casserok as the water evaporates. 
The heat is now turned off and the apparatus dLsconnected at M and J. The 
contents of this elbow and the condenser are washed into the flask O. The acid 
in O and P poured into an 800-cc. beaker and rinsed out several times. The 
volume in the beaker is made up to 500 cc., 1 cc. of methyl red added, and the 
free acid titrated with the standard caustic. The end-point is a straw yellow. 

Calculation. The cc. of the back titration with caustic being deducted, 
the volume of the acid remaining (e.g., combined with ammonia) is corrected to 
the standard condition. Expansion or contraction of the acid is 0.029 cc. per each 
degree C. above or below the temperature at which the acid wjis standardized. 
If the acid is exactly 0.057 gram H*S 04 per cc., the result multiplied by 0.989 and 
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divided by the weight of the sample taken gives per cent nitrate. (In terms of 
XaXOs.) 

The Weight of the Sample. 'Fen times the difference of the weighings 
of the l)()tll(‘ ir before and after removal of the 10 oe. and the product divided 
by the weight of the 100 ec. of t.he solution equals the W(‘ight of solid taken. 


Example. OV/j/A/ of the bottle I- 100 on. sample — 2I.S grains. Weight of the bottle 
= 1 12 grams, theieforo weight oi' lOt) ce. XaNOj— 100 grams. 

Weight of flm bottle-f-lOO ee. samjiln — 21S. Weight after removal of 10 re— 207.4 
gr.ams, therefore saa ]>)e taken — 10.0 grams, including the adchal water. Now from 
above the weight of t he actual s:un|>le tak<‘n= 10.0 X 10 -i- 100= I gra a. 

'frtnpi'nilurr ('itrrrrtion. Temperature of standanlization =20“ (k Temperature 
of tim sul]>hurie acid when taken for tlie anaiysis = :{l “ (k Hack titration oi the 
caustic- 2 <•«■. n'ho correi-t volume = 1 100 -2) — ((01 — 20) Xt>.020j =07.t}Sl cc. 

IliSt >1 eombinial with ammonia from the reduced nitrate. 07.t>.Sl XO.OSO-i- 1 =90.62% 
NaXO... 

Kaetons. lbS< )4X2.00107 = KN'Os or X1.7;i0t =NaX<b or X l.2S.50 = IINOj. 

112S(),X0.9."».S7 = 11X().. or XO.-U'.l = X II.,. 


NiI.iX:i.0ini."» = IIX()i or X4.9900 = XaX()s or Xl.O.'il.l = NaNOj. 
NaXOsXl.lSOl-KXtb ami KNOaXO-SlOS^XaNOj. 


ANALYSIS OF NITRATE OF SODA 

The following impurities may occur in nitrate of soda: KX'Os, NaCI, Na 2 S 04 , 
Na^CO.,, NaCMO,, NaCl 04 , FeA).„ AhO^, CaO, MgC), SiO*, ILO, etc. Jn the 
analysis of sodium nitrate for determination of NaNOj by difference, moisture, 
NaCl, Na 2 S 04 and insoluble matter arc dotormined and their sum deducted 
from 100, the chffcrenee being taken as NaNO». Such a pnicedure is far from 
accurate, the only reliable method being a direct detennination of niter by the 
Devarda method given in detail. The following analysis may be required in the 
valuation of the nitrate of soda. 

Determination of Moisture 

Twenty grams of sample are heated in a weighed platinum dish at 205 to 
210° Cb for fifteen minutes in an air bath or electric oven. The loss of weight 
multiplied by 5 = per cent moisture. (Save sample for further tests.) 

Insoluble Matter 

'i'en grams are treated with 50 ce. of water and filtered through a tared 
Gooch. The increased weight dried re.sidue (100° C.) multiplied by 10=per 
cent insoluble nuitter. (Save filtrate.) 

Sodium Sulphate 

The moisture sample is dissolved in 20 cc. hot water and transferred to a 
porcelain crucible. It is evaporated several times with hydrochloric acid to 
dryness to expel nitric acid. (Until no odor of free chlorine is noticed when thus 
treated.) Fifty ec. of water and 5 cc. hydrochloric acid are now added and the 
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Siunple filtered. Any residue remainiriK is ])i‘iiieipally siliejl. I’he filtriito is 
heated to boiling, 10 ce. of 10% barium f hloride solution added, and the precipi- 
tated sulphate filtered off, ignited and weighed. 

llaSOiX3.044.') =i)er cent Xa 2 S 04 . 


Iron, Alumina, Lime, and Magnesia 

These impurities may be dett'rmined on a 20-gram dried sample, the 
material being dried and evaiM)rate<l as in ease of the sodium suli)liatc‘ determina- 
tion. Tlui filtrate from silica is treated with a;umoniiim hydroxid(^ and 
and A 1 ( 0 H )3 filtered off. l.ime is pr(‘eii)it.at(*d from the iron and ahiii ina filtrate 
as oxalate and magnesia de.tc'rmined by precipitation as idiosphate frotn the 
lime filtrate by the standard pro<!cdures. 

Sodium Chloride 

The fdtrate from the insoluble residue is brought to boiling and magnesia, 
MgO (('I free), is added until the solution is alkaline to litmus. 0.5 cc. of 
potassium chromate (KaCrt^b) solution is added as an indicator and tlum the 
solution is titrated wdth a standard solution of silver nitrate until a faint re<l 
tinge is seen, the procedure being similar t«) th(5 delertiiination of chlorides in 
water by silver nitrate titration. The cc. AgNOaXfactor for this reagentX 10 =per 
cent NaCl. 

Silver nitrate is standardi%(Ml again.st a salt solution. 

Carbonates 

This detenuination is seldom made. C ()2 may be t('sted for by addilion of 
dilute sulphuric acid to the salt. liffervescencc indicates carbonates. Any 
evolved gas may be testcal by lime wat«‘r, which becomes cloudy if is ])resent. 
For details of the prt>cedure reference is made to the chapter on Carbon. 


DETERMINATION OF NITRIC NITROGEN IN SOIL EXTRACTS 
Vamari-Mitscherlich-Devarda Method 

Procedure. Forty cc. of water, a small pinch of magnesia and one of n’ag- 
nesium sulphate are added to flask D of the Mitseherlich apparatus (Fig. £3). 
Twenty-five cc. of standard acid and (50 cc. of neutral redistilled water are placed 
in flask F; 250 or 3(X) cc. of aqueous soil extract are placed in a 5(X)-cc. Kjcldahl 
flask, 2 cc. of 50% sodium hydroxide added, the mouth of the flask closed with 
a sn.nll funnel to prevent spattering, and the contents of the flask boiled for 
thirty minutes. The water which h:vs boiled off is replaced, and, after cooling, 
1 gram of Devarda’s alloy (€0 mesh), and a small piece of parafTin are .added 
and the flask connected with the apparatus; reduction and distillation arc carried 
on for forty minutes. The receiver contents are then cooled, 4 drops of 0.02% 
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Siolution of methyl red added, the excess acid is nearly neutralized, the liquid 
boiled to expel (’O*, cooled 1o JO to 15® and the titration completed. 



Fio. 63. — Mitacherlich’s Apparatus for Nitrogen l^etcrmination. 


DETERMINATION OF NITROGEN OF NITRATES (AND 
NITRITES) BY MEANS OF THE NITROMETER 

I'he nitrometer is an exceedingly usefid instrument employed in the accurate 
measurement of gases libemted in a great many rca<’tions and has therefore a 
number of practical applications. It may be used in the determination of carbon 
dioxide in carbonates; the available oxygen in hydrogen dioxide; in the valua- 
tion of nitrous ether and nitrites; in the valuation of nitrates and nitric acid 
in mixed acids. 

The method for the determination of nitrogen in nitrates, with which we 
are concerned in this chapter, depends on the reaction between sulphuric acid 
and nitrates in presence of mercury: 

2KN0.-|-4H,S04-t-3Hg-K,S04+.3HgS04+4H*0-|-2N0. 

The simplest type of apparatus is shown in the illustration, Fig. 54. The 
graduated decomposition tube has a capacity of 100 cc. It is connected at the 
base by means of a heavy-walled rubber tubing with an ungraduated leveling 
tube (5). At the upper portion of (a) and separated from it by a glass stop- 
cock (s) is a bulb (c) of about 5 cc. capacity; a second stop-cock enables com- 
pletely enclosing the sample, as may be necessary in volatile compounds. The 
glass stop-cock (s), directly above the graduated chamber, is perforated so as 
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to establish connection with the tube (d) wlu*n (h'siretl and the graduated 
cylinder (o). 

Procedure. The tulxj (b) is filled with mercury and the air in (a) now dis- 
placed by mercury, by turnitig the stop-cock to form an open passage between 
(a) and (d) and th^n raising (f»). A sample of not over 0.35 gram potassium 
nitrate or a corresponding ajiioimt of other nitrates, is introtluced into (c), the 
material being washed in with the least amount of water nece.ssary (1 to 2 cc.). 
By lowering (6) and opening the stoi)-cock s the solution is drawn into the 
decomijosition chamber, taking care that no air enters. 'I'his is followed by about 
15 cc. of pure, strong sulphuric acid through Si and s, avouling admitting air as 
before, NO gas is liberated bj'’ the heat of reaction between the sulphuric acid 
and the water solution. When the reaction subsides, the tiil)e (a) is shakem 
to mi.x the mercury with the lupior and the NO completely liberated. 'I'he gas 
is allowed to cool to room t.emiM'rature and then nu'asurc'd, aft('r raising or 
lowering (b) so that the column of mercury is the calculated excess of h<‘ight 
above that in (a) in or<ler to have the gas undcT atmosjfiu'iic ])ressure. Tin? 
excess of height is obtained by flividing the length of tlie acid layer in (a), in 
millimeters, by 7 and elevating the level of the mercury in (/>) above that itj (a) 
by this quotient; i.e., if the acid layer = 21 mm. the mercury in (h) would l)e 
3 mm. ab«)ve that in (a). The volume of gas is rcaluced to standard <‘onditions 
by using the formula 

y, r(/^-a0 

“7()()(l-b().(M)3()70‘ 

r' = volume under standard conditions; r=observed volume; /’ — obseiwed 
barometric pn*.ssurc in mm.; ?r= tension of acpieous vaj)or at the observed tem- 
jjerature, expre.ss(!d in millimeters; <= observed tempcTature. 

One cc. gas = I.(i2 milligrams of KXOj, or 3.S milligrams NaXOs 
or 2.<S It) milligrams IIX().i. 


Du Pont Nitrometer Method ^ 

The Du Pont nitrometer, Fig. 55, is the most accurate ap[)aratu.s for the volu- 
metric determination of nitrates. By use of this, direct readings in per cent may 
be obtained, without recourse to correction of the volinne of gas to standard con- 
ditions and calculations such as are required with the ordinary nitrometers. 

The app>aratus consists of' a generating bulb of 300 cc. capacity E with its 
reservoir F connected to it by a heavy-walled rublwjr tubing. E carries two 
glass stop-cocks as is shown in illustration. The upper is a two-woy stoj>cock 
connecting either the cup or an exit tube with the chaml>er. D is the chamber- 
reading burette, calibrated to read in percentages of nitrogen, and graduated 
from 10 to 14%, divided in 1/100%. Between 171.8 and 240.4 cc. of gas must 
be generated to obtain a reading. A is also a measurmg burette, that may be 
used in place of D where a wider range of measurement is desired. “ It is u.sed 
for the inoasuremcnt of small as well as large amounts of gas. It is most com- 
monly graduated to hold 300.1 milligrams of NO at 20“ C. and 760 mm. pressure 
and this volume is divided into 100 units (subdivided into tenths) each unit 
being equivalent to 3.001 milligrams of NO. When com{)ensated, the gas from 

^ Sec paper by J. B. Pitman, Jour. Soc. Chem. Tnd., p. 083, 1900. 
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t(Mi times the moloeular wei^l't in inilliRrams of any nitrate of the fonimla RXO* 
(or five times molecular AveiKht of R(Nt>3)2) should exactly fill the burette. This 
sim])lifies all calculations; for examjile the per cent nitric acid in a mixed acid 
would he 

rmm 

=per cent HNO,. 

/i=bur(;tto reading, ir=K*™>is acid taken.” ^ f.’ is the eompensatiiif; bimdtc 

very similar in form to the chamber burette D. li is the leveliiiK bulb, by the 




raising or lowering of which the standard pressure in the system may be obtained. 
The apparatus as shown in Fig. 55 is nmunted on an iron stand. As in the more 
simple form of r.pparatus, previously described, mercury is used as the con- 
fining liquid. The parts are connected by heavy-walled rubber tubing, wired 
to the glass parts. 

^ A. W. Betts, Chemist, E. I. DuPont do Nemours Powder Co., in letter to author. 
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Standardizing the Apparatus. The apparatus having been arranged and the 
various piirts hlied with mercurj% the instrument is standardized as follows: 
20 to 30 cc. of sulphuric acid are drawTi into the generating bulb through the 
eup at the top, and at the same time about 210 cc. of air; the cocks are then 
closed, and the bulb well shaken; this thoroughly desiccates the air, which is then 
run over into tiie compensating burette until the mercury is about on a level with 
the 12.30% mark on the other burette, the two being held in the same relative 
Ix>sition, after which the comptmsatiug burette is sealed off at the top. A 
further cjuantity of air is desiccated in the same manner and run into the read- 
ing burette so as to fill up to about the same mark; the cocks are then closed, 
and a small piece of ghuss tubing bent in the form of a half filled with sul- 
phuric acid (not water), is attached to the outlet of the reading burette; when 
the mercury columns are balanced and the enclosed air cooled down, the cock 
is again carefully opened, and when the sulphuric balances in the U-tube, and 
the mercury columns in both burettes are at the same level, then the air in each 
one is under the same cotulitions of teiujwrature and pressure. A reading is now 
made from the burette, and the barometric pressure and teniperature carefully 
noted, using the fonuula 

Y _ VoP o('27:i+t) 

‘ ' iV273 

the volume this enclosed air w<)uld occupy at 29.92 ins. prc.ssurc and 20° C. is 
found. The cock is again closed and the reservoir manipidated so as to bring 
the mercury in both burettes to the same level, and in the reading burette to the 
calculated value as well. A strip of paix'r is now pasted on the compensating 
burette at the lev'el of the mercury, and the standardization is then complete. 

Another rapid method of standardizing is to fill the compensating chamber 
with dcsiccat<;(i air as staled in tins first procedure and then to introduce into the 
generating chamlx^r 1 gram of pure potassium nitrate dissolved in 2 to 4 cc. of 
water, the cup is rinsed out with 20 cc. of (>0° lldaume sulphuric acid, making 
tliree or four washings of it, each lot being drawn down separately into the bulb. 
The generated giis formed after vigorous shaking of the mixture, as stated under 
procedure, is run into the measuring burette. The columns in both burettes arc 
balanced so that the reading burette is at 13.S5 (=per cent N in KXOj). A 
strip of paper is pasted on the compensating burette at the level of the mer- 
cury, and standardization is accomplished. By this method the temperature 
and pressure readings, and the calculations arc avoided.^ 

Procedure for Making the Test. Salts. One gram of sodium or potassium 
nitrate, or such an amount of the materml as will generate between 172 to 240 cc. 
of gas, is dissolved in a little water and placed in the cup of the generating bulb. 

Liquid Acids, The acid is weighed in a Lunge pipette and the desired amount 
run into the funnel of the generating bulb, the amount of acid that is taken 
being governed by its nitrogen content. 

The sample is drawn into the bulb; the funnel is then rinsed out with three 
or four successive washings of 9h% sulphuric acid, the total nuunuty being 
20 cc. 

To generate the gas, the bulb is shaken well until apparently all the gas is 

^ Standardization with “ C. P. KNOs is the better, as it is less tedious and is not 
subject to the correction errors that cannot be oscapra when standardizing with air. 
The KNOy must be of undoubted purity." — ^A. W. Betts. 
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fo’’ined, taking care that tlin lower slo|>eofk has Ix'cn left open, this eoek is then 
closed aiul the shaking rciHvited for two ininiites. The reservoir is then lowered 
until about 00 ee. of mercury and 20 ce. of acid are left in the generating bulb. 
There will remain then sufficient space for 220 cc. of gas. 

Notk. If too much mercury is left in the bulb, the mixture will lx> so thick that 
it will bo found difficult to complete the reaction, a long time will be required for the 
n'sidue to settle and some of the gas is liable to be held in sus])cnsion by the inenairy, 
so that inaccurate results follow. 

The generated gas is now transferred to the reading burette, and after wait- 
ing a couple of minutes to allow for cooling, both burettes are balanced, so that 
in the comjKJusating tube the rnenairy column is on a level with the i)ai)er mark 
as well as with the column in the reading burette; the reading is then taken. 

If exactly one grain of the substance is taken the ixircentage of nitrogen may 
be reail directly, but in case of other armiunts lieing taken, as will invariably Ixi 
the case in the analysis of acids, the readings are divided by the weight of the 
substance and multiplied by d.o to obtain the per (icnt of nitric acid mono- 
hydrate present. 

The procedure may be used for determining nitrites as well as nitrate^s. 

Determination of HNO3 in Oleum by Du Pont Nitrometer Method ^ 

Alxmt 10 cc. oleum are weighed in a .lO-cc. weighing bottle, 10 cc. 95% 
reagent sulphuric acid adiled and mixed by shaking. This mixture is transferred 
to the nitrometer reaction tube and the weighing bottle and nitrometer cup 
rinsed with throe 5-f;c. portions of the reagent sulphuric acid Avhich is dmw'n into 
the rcaction tube. This is vigorously .shaken for three minutes and the gas 
then passed to the measuring tube and allowed to stand for about five minutes, 
after which the mercury levels are adjusted and the reailing taken. 

It is obvious that this determination includes any nitrous acid in the oleum. 

Combined Nitric Acid 

1'hc nitric acid in nitrates nmy bo detennined by titration with ferrous 
sulphate. The nitrate dissolved in a little water is run into strong sulphuric acid 
and titrated with standard ferrous sulphate according to the procedure describt'd 
for delcrminhig free nitric acid in mixed acids on page 515. 

By courtesy of E. I. du Pont do Nemours Powder Co. 
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DETECTION 

Element. Phosphorus is roccjguizod by its Rlowing (phosphorosceiice) in 
the air. Tlie clement is (luickly oxidized to l^Os; if the yellow luodifipation is 
slightly wann (34“C.) the oxidation lakes place with such energy that the 
substance bursts into flame. The red form is morn st.ible. It ignites at 2(i0“ (k 

Boiled with KOH or NaOlI it forms phosphine, PII 3 , which in presence of 
accompanying impurities is inflammable in the air. 

Phosphorus oxidized to PaO® may bo detected with ammonium molybdate, 
a yellow compound, (NH4)»P04"12Mo04*3H'.0, being formed. 

Acids. Ugpophosphorous Acid, HzPOi, heated wth copper sulphate to 
55“ C. gives a reddish-black compoimd, CuaHj, which breaks down at 100“ to 
H and Cu. Permanganates are reduced immediately by hyimphosphorous acid. 
No preenpitates are formed with barium, strontium or calcium solutions. Zinc 
in presence of sulphuric acid reduces hypophosphorous acid to phosphine, PHj. 

Phosphorous Acid, H^POz. ('opper sulphate is reduced to nuitallic copjxT 
and hydrogen is evolved, no (’ualla lieing formed as in case of hypophosphorous 
acid. Permangjinates are r(‘du<;ed slowly. Added to solutions of barium, stron- 
tium or calcium white phosphites of these elements are i)recipilated. Alkali 
phosphites are soluble in w.aler, ^^hile hypophos))hites are not readily soluble. 

Orthophosphoric Acid, JI.iPOa. Ammonium phosphomolybclate ])recii)i- 
tates yellow ammonium phosphomolybdale from slightly nitric acid solutions. 
The precipitate is solubh; in ammonium hydroxide. 

Metaphosphoric Acid, IIPOz. Converted by nitric, acid in hot solutions 
to the ortho form. Metaphosphoric acid is not precipitated by ammonium 
molybdate. 

Pyrophosphoric Acid, H^PiO-,. Converted to orfliophosphoric acid in hot 
solutions by nitric acid. No [u-ecipitate is fonned with ammonium molybdate. 


C0.MPAHIS0V OF Oimro, Mrt.\ avd PYnopnospHonie Acids 


RcMiKOnt. 

OrthophuHphorii* 

acid. 

M(^taj)hr> 8 pLoriti 

acid. 

Py roph nnphor i c 
acid. 

Ammonium molvbdjite 

Yellow ppt. 

No ppt. 
('Oagulated 
No j)i>t. 

White ppt., 
Agl’Oa 
No i)pt. 

No i>pt. 

Not coagulated 
White )ipt. 
White ])pt., 
Ag.IW, 

No ppt. 

Albumin 

Zinc sulphate, cold, in excess 


Silver nitrate in neutral solution 

Magnesium salts 

Yellow p])t., 
Agal^b 
White ])pt. 
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Ph<)si)hor<)us iicids arc distinguished from phosphoric acids by the phosphine 
formed with the former when acted upon with zinc. 

Acid phosj)hates are distinguished from nonnal phosphates as follows: 
Neutral silver nitrate added to an acid i)hosj)hate liberates free nitric acid (Litmus 
test), the following reaction taking place: 

3AgN(),+XadlP( >4 = AgaPt ) 4 + 2 NaN 03 +TIN 0 ,. 

The .solution r(isulting when silver nitrate is added to nonnal phosphate 
solution is neutral. 

3AgN OH- Na3P()4 - Agd » 04 + 3NaNO,. 


ESTIMATION 

The determination of the petdoxide of phosphorus is required in a large 
number of substances, since it, is widely distributed in the form of ))hos])hatcs — 
calcium i)hosphatc, CaaCPth)-^; fluor apatite, 3 t'a 8 (P 04 ) 2 *CaF 2 ; ehlor apatite, 
3 Ca 3 (P 04 ) 2 * 0 atn 2 ; vivianite, Fe:i(P 04)2 -SI LO; wavelite, 2 Al 2 (P 04 ) 2 *Al 2 (()lI)s •DILO; 
pyronu>rphile, 3 Pb,i(l* 04 ) 2 "PbCl 2 ; i)hosphates of iron and calcium in idxosphate 
ores, hence in .slags of the blast furnjiec. It occurs in fertile soils, bone.s, ixiant 
and animal tissues. 

The chemist is especially concerned in the detennination of phosphoric 
acid (PjO:.), in the evaluation of materials used for the manufacture of the acid — 
bone ash and phosj)hat<! rock (se<x table below). Generally, determinations 
of litiwi, iron and alumina are also desired and fre(|uently a more comidete 
jinalj'sis. In the an;ilysis of jxhosphoric a«*id certain impurities occurring in 
the crude material used are determined, e.g., iron, lime, inagm*sia, sulphuric, 
hydrochloric aiul hydrolhioric acids, etc. I’hosphoric acid is determined in 
the evaluation of phosphate! fertilizers, phosphates u.sed in medicine, phosphate 
bilking powders, etc. 

'riie element is deti*rmined in iron, steel, phosphor bronzes, and other alloys. 


Tvi'Icat. Analysks 




ChnrIoHt<m'ii 

' Spiinish 

1 Soinbroro 

RcMlofida 

Canadian 

SubHtaiico. 

llniu* Ash. 

1 Ph<».sphate. 

l*hoi*phf^rite. 

PhosphntA*. 

PhoHphatc's. 

PhoHphate. 

Phosphorus oxitlo. . . 

31).. '>.'3 

1 27.17 

33 38 

3.5.12 

35.47 

37.68 

Sulphur Irioxide 


1 3.30 

0..57 




Ciirbon dioxide 

4 43- 

; 4.i)(> 

4.10 

7.40 



liiiiio 

.52. 10 

41.03 

47.16 

.51 . 33 


51.04 

Muf^nosia 

1.02 

0.37 

trace 




Aluniina 


1.44 

0 89 

-1-Fo 

20.17 


Ferriu fixidc 

0. 17 

0.43 

2.7)9 

1.02 

8.85 

AhO,, 

Fliiftrino^ 


2.3S 

4 01 



F. etc. 

AlkMlilio Stilts 


0.S7 


0.42 


»6.88 

Silic.i — sand, etc. . . . 

()..51 

5 00 

3.71 

2.02 

9.70 

4.29 


* Tliorpo, “ Dictionary of Applied Chomiatry,** Longmans, Green & Co. 


Preliminary Remarks. Practicidly all procedures for the determination of 
phosphorus depend upon it-? oxidation to ortho phosphoric acid and its pre- 
cipitation by ammonium molybdate from a nitric acid solution as ammonium 
phospho-molj'bdate. It may now be determined either gravimetrically or 
volumetrically. Two procedures are of importance in the gravimetric deter- 
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mination of phosphorus; the first depends upon the direct weighing of the 
yellow phosphomolybdute, dried ut 110“ C.; the second, on the conversion of the 
yellow precipitate to the inngncsiuni salt and its ignition to pyrophosphate. 
Two volumetric procedures, which are of siiecial value in the determination of 
snmll amounts of phosphorus as in ciuse of phosphorus in iron and steel, are to be 
recommended for their rapidity and accuracy. One of these is to dissolve the 
ammonium phosphomolybdate in a knowm amount of standard caustic, titrate 
the excess of alkali with standard acid, which indicates the alkali required to 
neutralize the inolybdic a(‘id in the yellow precipitate. From this the 
amount of phosph<jrus ])rcscnt may bo calculated. A second procedure of equal 
accuracy and rapidity is to dissolve the molybdate in ammonia, add an excess 
of sulphuric acid, pass the warm solution through a column of zinc and titrate 
the reduced inolybdic acid with s1,andard ])otassium {lermanganate, the amount 
of permanganate recpiired being a mojisure of the phosphorus present. 

The impurities iiit(;rfering in the proce<lures are silica and arsenic acid. The 
first may be eliminated by dehytlration of the silicic acid in the solution and its 
removal as insoluble SiO* by filtration. Arsenic in small (piantities does not 
interfere under certain conditions; in large quantities its removal is imiierative. 


Preparation and Solution of the Sample 

Amount of the Sample Required. For accurate results it is advisable to 
take a fairly large sample, 5 to 10 grams, and when it has Imhui dissolved, to 
dilute to a definite volume, 500 or 1000 cc. Aliquots of this solution are taken 
for analysis. 

Iron Ores, Phosphate Rock and Minerals. Five to 10 grams of the pul- 
verized material placed in a 3-in. porcelain dish are digested for an hour with 
50 to 100 cc. of e«)ncentralf‘d hydrochloric judd (sp.gr. 1.19), the dish being covered 
by a cl(»ck-glass and |)hwed on a steam bath. The acid is now diluted with 
half its volume of water and the solution filtered into a porcelain dish of suf- 
ficient capacity to hold the filtnite and washings. The residue is washed with 
dilute hydrochloric acid (1 : 1) until fn;e of visible iron discoloration. The 
filtrate and w'ashings arc ovaixjrated rapidly on a hot plate to small volume 
and then to dryness ov<!r the steam bath. Meanwhile the insoluble residue and 
filter are ignited in a 2()-c<’. ])latinum crucible over a M^ker buriuir or in a muffle 
furnace and the residue fused with ten times its W'cight of sodium carbonate. 
The fusion is removed by ins<;rting a platinum wire into the molten mass, 
allowing to cool and then gently heating until the mass lof>sen8 from the cru- 
cible, when it may be removed on the wire. The cooled mass on the wire and that 
remaining in the crucible are dissolved in dilute hydrochloric acid, and the 
filtered solution added to the main solution. The combined solutions are 
evaporated to dryne.ss, and heated gently to dehydrate the silica. The residue 
is taken up with a few cc. of hydrochloric acid, the solution diluted, filtered 
and the Si02 washed with dilute nitric acid solution. The combined filtrates 
are made up to 600 or 10(K) cc. Aliquots this solution are taken for analysis. 

Iron and Steel. P'ive to 10 grams of the drillings or filings are dissolved in an 
Erlenmeyer flask with 50 to 100 cc. of dilute nitric acid, 1:1, more acid being 
added if necessary. When dissolved, a strong solution of KMn 04 is added 
until a pink color appears; on boiling brown manganese dioxide forms in the 
solution if a sufficient amount of permanganate has been added. This is dis- 
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solved by adding 2% sodium thiosulphate solution in just sufficient quantity to 
dissolve the precipitate. The solution is diluted to a convenient volume for 
analysis. Where a number of detenuinations are to be made, it is advisable 
to weigh the amount of sample desired for the detennination and to precipitate 
the ammonium phosphomolybdate in the flask in which the drillings have been 
dissolved. 

Ores Containing Titanium. Titanium may be recognized by the red color 
produced by hydrogen peroxide, HjOs, added to tlie sulphuric acid extract; also 
by the reduction test with zinc, which causes a play of colors, the solution becom- 
ing colorless by the reduction of iron, then, in presence t)f titanium, pink, purple 
and finally blue. (Vanadium gives sim..ar tesls.) Solutions containing titanium 
frequently appear milky when the solution is diluled before tMtc-ring off the insol- 
uble residue. Since titanium forms an insoluble compound with phosphoric acid 
and iron oxide ‘ the final residue, obtained by the method of solution for ores, 
phosphate rock and minerals, should be moistened with sulphuric acid and the 
silica expelled with hydrofluoric acitl. Tin; solution is (?vai)oraled to <lryness and 
to SO3 fumes, the residue fused with sodium carbonate and t aken up with boiling 
water. TiO* remains insoluble, while P^O. jjasses into the filtrate as the sodium 
salt. The procedure may be shortened by treating the original sample directly 
according to this method of solution, a 2-gram sample being taken, as larger 
amounts are difficult to handle. 

Soluble Phosphates, Phosphate Baking Powder, etc. A water extract 
is generally sufficient to get the material in solution. In case iron, alumina, lime 
and magnesia salts arc presenf., as may occur in baking powders, an extraction 
with dilute 3% nitric acid is neccssiiry. If. is mlvisable to dissolve a 6- to 10-gram 
sample and take an alicpiot part of the solution m.ade uj) to a definite volume. 
Before precipitating with ammonium ])hosphomolybdate, grams of ammonium 
nitrate should bo added for each gram of the sample taken for analysis and the 
solution boiled to oxidize compounds of phosphorus to the ortliophosphate 
form. 


Precipitation of Ammonium Phosphomolybdate 

Precipitation of ammonium phosphomolybdate is common to all subsequent 
methods for determination of phosphorus, and, as in case of preparation and solu- 
tion of the sarnple, details of this procedure will not he repeated. 

Reaction, 

H»PO4+12(NH4)2Mo04+21I1N03 - (NH4),P04 •12M(.()3+21NH4NO, +1211,0. 

Special Reagents Required. Ammonium Molybdate. One hundred grams 
of pure molybdic acid are thoroughlj’' mixed with 4(K) cc. of cold distilled water 
and 80 cc. of strong ammonia (sp.gr. 0.00) added. AN'hen the solution is com- 
plete it is poured slowly and with constant stirring into a mixture of 400 cc. 
of strong nitric acid (sp.gr. 1.42) and 000 cc. distilled water. This order of 
procedure should bo followed, as the nitric acid poured into the anunonium 
molybdate solution will cause the precipitation of a difficultly soluble oxide of 
molybdenum and render the reagent practically worthless. Fifty milligrams 
(0.50 gram) of micrccosmic salt, dissolved in a little water are added, the pre- 
cipitate agitated, then allowed to settle for twenty-four hours and the clear solu** 

* Blair “ Chemical Analysis of Iron.” 
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tion decanted through a filter into a largo reagent bottle. Sixty cc. of the reagent 
should be used for every 0.1 gram of PjOs present in the solution analyzed. 

PotoMtum Permanganate^ Fur oxidation purposes. Two per cent solution 
filtered free of dioxide through asl^estos is required. 

Amount of Sample Required for Analysis. If the material contains over 
20% P20», 0.1 to 0.5-gram sample should be taken; if the product contains 
5 to 20% P 2 OS, 1.0 to 0.6 gram should be taken; for a sample containing 0.5 
to 5%, 2.6 to 1-gram sample is taken, and for P 2 O 6 less than 0.5%, a 6-gram sam- 
ple is taken. 

Precipitation. The free acid of the solution is nearly vevtralizcd by addi- 
tion of amtnonium hydroxide. In analysis of phosphate rock or materials com- 
paratively low in iron, it is advisable to atld ammonium hydroxide in quantity 
sufficient to cause a slight iwrmanont precipitate followed by just sufficient JlNOs 
to di.ssolvc the precipitate. In iron and steel analysis ammonium hydroxide is 
added until the precipitat<!d iron hydroxi<lo dissolves with difliculty and the 
solution becomes .a deep amber color or cherry risl. In analysis of soluhle phos- 
phates, litmus pajx^r drojijK'd into the .solution indicates the neutral point. 
Nitric acid is added to the neutral or slightly acid solution, 5 cc. of acid for every 
100 cc. of solution. A volume of 150 to 200 <*c. of solution is the pr<»per dilu- 
tion ff)r samphis taken in amounts above recommended, ^’o tlie warm solu- 
tion (not over 80“ C.) nmmoniuni viohjhdatc is added, (10 cc, f)f the reagent being 
required for every 0.1 gram of PaOs ]>r(j.scnt. The solution is .stirred, or shaken, 
if in a flask, until a cloudy jn’cciintate of ammoniuni phosphomolybdate api)ears. 
It is then allowed to settle on the st(‘am b.ath at. a temix'rature of 40 to (i0“ C\, 
for one hour, then again agitated and allowed to s(*tlle in the c<tld for an hour 
longer. The filtrate should be tested with additional ammonium molybdate for 
phosphorus. The yellow precipitate is filtered and washed with V p llNOs sohi- 
tion followed by a 1%', .solution of KNOa, or ]S'Jl 4 X().i or (NIi 4 ) 2 S(), ms the spc'cial 
ca.se ro(|uires. Filtration tlmnigh asbe.stos in a (!ooch <'ruciblo is to be recom- 
mended. ^^'hen a large number of determinations arc to be made, as in case of 
iron and steel, filter paper is more convenient. 


GRAVIMETRIC METHODS FOR DETERMINATION OF 

PHOSPHORUS 

A. Direct Weighing of the Ammonium Phosphomolybdate 

The sample being dis.solved and the amtnonium phosphomolybdate precipitated 
according to directions already given above, the siqtemats'iit solution i.s filtentd 
through a weighed Gooch crucible and w.ashed twice by decantation with 
dilute nitric acid (1%), the precipitate w.ashed into the Gooch, fttllowed by two 
washings with 1% KNOa or NJf 4 N 03 (neutral solutions) and finally with water. 
The precipitate, free from contaminating impuritie.s, is dried for tAvo hours itj an 
oven at 110“ 0., then cooled in a desiccator and weighed. Weight of precipi- 
tate X 0.01 65 =P, or X 0.03784 =P 2 (%. 

Notk. If this procedure is to be followed it will be convenient to take 1.65 grams 
sample, if the phosphorus contc^nt will allow. Fuch 0.01 gram of i>recii>itate will then 
equal 1% P. 
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B. Determination of Phosphorus as Magnesium Pyropho^hate 

Magnesia Mixture^ For precipitation of anunonium magnesium phos- 
phate^ 110 grams of magnesium chloride (MgCl 2 ‘ 6 H 20 ) are dissolved in a small 
amount of water. To this are added 280 grams of ammonium chloride and 
700 cc. of ammonia (sp.gr. 0.90); the solution is now diluted to 2000 cc. with 
distilled water. The solution is allowed to stand several hours and then filtered 
into a large bottle with glass stopper. Ten cc. of the solution should be used for 
every 0.1 gram PjOs present in the sample analyzed. As the reagent becomes 
old it will bo necessary to filter off the silica that it gradually accumulates from 
the reagent bottle. 

Procedure. The ammonium phosphomolybdatc, obtained as directed (page 
314), is filtered onto a 12^ S. & »S. Xo. .589 filter paper and washed four or five times 
with dilute J% HNOa. The precipitate is now dissolved from the filter by a fine 
stream of hot animonium hydroxide, 1 : 1 , catching the solution in the beaker in 
which the i)recii)itation was matle. The .solution and washings should be not over 
100 to 1.50 cc. Hydrochloric acid is added to the cooled solution to neutralize the 
excess of anunonia, the yellow precipitate, that forms during the neutralization, 
dissolving with difficulty, Avhon sufficient acid has been added. To the cooled 
solution cold mngncfn'ti mixlure in added drop by drop (2 drops per second) with 
constant stirring, 'fi'ii cc. of the reagent will pr<‘cipitate 0.1 gram When the 

solution becomes cloudy the stirring is discontinued and the 2 >rccipitate allowed 
to S(‘t11e ten minules. Amnmuiitm hi/droxide. in added until the solution con- 
lains al>out one-fourth its original volume of stnnig ammonia (e.g. 2.5 cc. NII 4 OII, 
90 to 1(K) cc. of solu(ion). 'fhe solution is slim'd during the ad<lition and then 
allowed to .set tie for at least two hours. It is filtered preferably, thi;ough a 
(looch erucible (or through .an ashless filter paper), and the precipitate washed 
with dilute ammonium hydroxide, 1 : - 1 , then ]>laced in a iwrcelain erucible, a 
few drops of saturated solution of ammonium nitrate added and the ])recipitate 
heated over a low flame till decomposed (or until the paix'r clutrs). The lumps 
of residue :iro broken up with a platinum rod and again ignite<l over a Scimatico 
or AI 6 Uer burner, the lu'at Ix'ing grsulually increased. If the heating is inojxjrly 
c mducted, the resultant ash will be white or light gray, otherwise it will be 
diirk. The addition of solid ammonium nitrjite aids the oxid.ation in obstinate 
cas(is, but there is danger (if slight mechanical loss. The crucible is cooled in a 
desiccator and the residue weighed as magnesium pyrophosiihate. 

Mgd^t >7 X 0.2787 - P and MgaPaOr X 0.G370 - l\Os. 

Direct Precipitation of Magnesium Ammonium Phosphate 

In the absemee of heavy metals wh(»so jihosphates ;iro insoluble in an ammo- 
niacal solution, the magnesia mixture n>ay be addc'd directly to the neutral solu- 
tion containing the jihosiihatc, without previous precipitation of ammonium 
phosphomolybdate. 'rhe magnesium ammonium phos]>hate is washed and 
ignited according to directions given above, and weighed as magnesium pyro- 
phosphate. 

The tiso of the Gooch crucible for the ammonium phosphomolybdatc and the 
ammonium magnesium phosphato precipitat(;s is recommended in preference 
to filter palmer, as the fibers of the latter invariably are occluded in the precipi- 
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tates, and produce dark-colored residues of jnagiiesiutn pyrophosphate, which are, 
frequently, extrciuely diffuMilt to hiirii white. The njsidue on the asbestos mat, 
on the other hand, is easily ignited white;, and does not require repeated 
addition of an oxidizing agent, as is so often the case with precipitates filled 
with paper fiber. 


VOLUMETRIC METHODS FOR THE DETERMINATION 

OF PHOSPHORUS 

C. Alkalimetric Method 

The method is based on the acid charjict(;r of ammonium jdiosphomolybdate, 
the following reaction taking place with an alkali hydroxide: 

2(NH4),12MoO,P04+4(}NaOtl-f-Il20 

= 2(NH4)2HP04-|-(Nir4)*Mo04+23XasMo04+23Il20. 

From the reaction 40 molecules of sodium hydroxide are equivalent to one 
molecule of IVh, hence 1 cc. of a N/IO solution of sodium hydroxide neutralizes 
the yellow precipitate containing an e(iuivalent of .000009 gram of PjOs. 


Special Reagents 

Sodium Hydroxide -Tenth Normal Solution. For detennination of phos- 
phorus by the alkali volumetric method. To 100 grams of the pure NaOH sticks 
sufficient water is added to just dissolve the hydrate. This concentrated solu- 
tion is tx)ured into a bill cylinder, the vessel closed and the insoluble matter allowed 
to settle. The liquid will be practically free of carbonates. A portion of the clear 
liquor may m>w be drawn off and diluted to a definite volume so that the solu- 
tion is slightly stronger than tenth normal, as detennined by titration against 
a standard N/10 acid. It may now be diluted to the required amount as indi- 
cated by the acid titration. Freshly boiled distilled water should be used in the 
dilutions of the standard caustic solution. Phenolphthalein indicator is required 
in the titration. The exact value of the caustic solution in terms of phosphorus 
may be ascertained by standardizing the solution against a steel sample of known 
phosphorus content, the sample being dissolved in nitric acid, the phosphorus 
precipitated as ammonium phosphomolybdate, the washed precipitate dissolved 
by the caustic solution and the excess caustic titrated by standard nitric acid 
according to the procedure given later. 

Wt. of P in sample ^ 

_ : — — — , ■ . . == amount of P per cc. of NaOH. 

cc. of N aOil required to neutralize molybdate 


Nitric Acid — Tenth Normal Solution. The acid Ls standardized against 
the caustic solution and should be of such 'strength that 1 cc. of UNO* is equal 
to 1 cc. of NaOH. Phenolphthalein indicator is used. Approximately 6.7 cc. 
of 95% HNOa diluted to 1000 cc. =N/10 HNOs solution. 

Nitric Acid for Washing Precipitates. One per cent solution, 14 cc. HNOt 
(sp.gr. 1.42) per liter of water. 

Acid Ammonium Sulphate for Washing Precipitates. Fifteen cc. strong 
NH4OH+25 cone. H*S04 in 1000 cc. solution. 



PHOSPHORUS 


317 


Potassium Nitrate for Washing Precipitatesm TJsed in volumetric analysis 
only, len grams of KXO 3 per liter of solution. Test, to be sure the solution 
is neutral. 

Other reagents required: NlI«OH (sp.gr. 0.90); H 2 SO 4 (sp.gr. 1.84); HNOi 
(sp.gr. 1.42); Na^SjOs .solution, 2%; amalgamat(‘d zinc. 

Special Apparatus Required 

Jones* Reductor. Details t)f the reductor are given under the determination 
of iron by the permanganate method, also under the Volumetric Detemtinntion 
of Molybdenuin, pages 220 and 281. 

Procedure. The ammonium phosphomolybdate, obtained according to direc- 
tions already given on page 313, is filtered into a (Jooeli crucible containing 
asbestos, and wa.shed onc<! or twice with water containing 1 % nitric acid, and then 
several times with a 1 neutral solution of potassiinu nitrate until the wasldngs 
are free of acid, as indicated by testing with litmus paper. The asbestos mat con- 
taining the precipitate is transferred to a No. 1 beaker, JOO cc. of CO 2 free water 
added, followed by about 20 ce. of N/IO NaOIl measured from a burette. The 
crucible is rinsed out with 5 to 10 cc. of N /10 NaOlI, the exact amount being 
noted and then ivith water, adding tlie rinsings to the main solution. Phenol- 
phthalein indicator is added, and the e.xcess of caustic titrated with N /10 lINOs. 
The total NaOlI added minus the acid titration equals the cc. of the caustic 
equired to react with the yellow precipitate. 

One cc. N/10 NaOH =0.(K)013(i gram P and =0,000309 gram P 20 ». 

The exact factor should be detemuned as directed under Reagents. 

D. Zinc Reduction and Titration with Potassium Permanganate 

This method is based on the assumption that ammonium phosphomolybdate, 
(NIl 4 )il 2 MoO«P 04 , is reduced, in acid solution, by zinc, the molybdic acid, MoO*, 
forming the lower oxide M 02 O 8 , in which form it reacts with ferric iron in the 
receiving flask, reducing a corresponding equivalent of ferric salt to ferrous 
condition, being itself oxidized to M 0 O 2 .* When the ferric solution is not placed 
in the receiving flask a slight oxidation takes place, the oxide Mo 240 n, apparently 
being formed.* 

Potassium Permangarutte Decinormal Solution, For volumetric determina- 
tion of phosphorus, reduction method, 3.161 grams of the pure salt per liter is 
the theoretical amount required for a tenth-normal solution. It is necessary, 
however, to standardize the permanganate solution against a tenth-normal 
sodium oxalate solution. The exact value of the permanganate solution may be 
accurately and rapidly determined in terms of phosphorus by standardizing against 
a sample of standard steel containing a known aTiiount of phosphorus, the 
ultimate standard being steel drillings furnished by the U. S. Bureau of Standards. 
The drillings are dissolved in nitric acid, oxidized with KMn 04 , the excess of the 
reagent being destroyed by thiosulphate solution. Ammonia is added until the 
solution becomes a deep amber color. The phosphorus is precipitated as 
ammonium phosphomolybdate. The following procedure is the same as is 

* D. L. Randall, Am. Jour. Sci. (4), 24, 315. 

* Blair, “Chemical Analysis of Iron,” 7th Ed., p. 96. 
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given in the volumetric method following: The poniiaiiganatc titration of the 
reduced molybdic acid divided into the amount of phosphorus knowm to be 
present in the solution will give the value of tlui pennangaimte in terms of 


phosphorus. 


Wt. of P in sample 
cc. KMn()4 reiiuired 


=amount of P per ec. of KMn04. 


Procedure. The ammonium jihosphomolylidate, obtained by the procedure 
given on page 313, is filtered onto an asbestos mat in a (iooch crucible or onto 
filter paper, and wiushed wil.li dilute IlNOs f«)llowed by acid ammonium sulphate 
(If) cc. NH4()1I, sp.gr. ().lM)+2.)cc. couc. II-SO,, .sp.giC l.S4+IO(K)ec. H-O), until 
2 or 3 cc. of the wash water gives no r(‘actiou for molybdenum with a drop of 
ammonium sulphide solution. Pive or si.K washings should suflice. 

Reduction. Tlu; precipitate is dissolved by adding about 10 cc. ammonium 
hydroxid(‘, sp.gr. 0.!M), to tin; |)r(;cipilaf(;, catching the solution in the beaker or 
flask in which the precipitation was inadiJ. About 10 cc. of strong sulphuric 
acid is a<lded to this solution after diluting tf) about 100 cc. The .lones reductor 
is prepared as described for determination of molylxhmum by reduction, page 2S1. 
The receiving flask is <'harg(xl with about 25 cc. of ferric alum (1(K) grams per liter) 
and 4 cc. syrupy phosphoric acid. In iron and sl(‘el analysis t his mixture is omitti'd. 
One hundred cc. of hot water followed by 100 cc. of hot dilute sulphuric; acid 
(2.r)0%) are passed through the column of zinc in the reductor (previously clc'aiuHl 
by passing hot dilute HaS04 tlu’ough it). The; j)hosphomolyl)(lic solution is now 
poured through the reductor, followed by l(K) cc. 2',’r sul])huric acid and 100 cc. 
hot water. I'he solution as it is reduced becomes gn;en, but upon coming in con- 
tact with the ferric; solution {)roclucc*s a bright red color. In absence of ferric solu- 
tion in the receiver the retiuced .solutiem apix^ars grcxai and should rcanain clear. 
The hot solution is titrated immediately with N/10 KMn()4. 

Titration, The reduced solution is poured into a No. 0 beaker and N/10 
KMn04 added from a burette, until a faint pennanc'iit pink color is produced. 
During the titration, the solution changes in color to a browui, a pinkish yellow 
and finally to pink. 

Titration of reduced ferric notation, 1 cc. N/10 KM n04 = 0.0003(52 P. 

Titration in abnenee of ferric satphate, 1 cc. N/10 KMn()4=0.000SS7 ]’. 

Calculation, (^asis I . Perric sulphate in the recc‘ivc:r ((iMo2( );,-f I S O = 1 2Mo()3 
in the molecule containing 1 P); IS 0 are equivalent to 3(5 If, hence N/IO P 
acconiing to this reaction ecpials at.wt. P divided by (3(5 X 1000) =P for 1 cc. 
N/10 KMn04 =0.0008(52 g. P. 

Case 2. No ferric salt in receiver. Mo 24 ()j 74 - 3 r) 0=24Mo03-f-2P. 
(35 0=70 II). Dividing bv 2 wo got at.wt. P divided by (35X1000) =P for 
1 cc. N/10 KMnO* =0.000887. 
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Report of the Committee on Research and Analytical Methods — 

Phosphate Rock ^ 

I'ho followinj^ tentative standard methods for sampling; and determination of 
moisture, phosj)horie aeid and iron and alumina in i)hosi)hatc roek are reeoiniiiended 
to the Division. 


Methods of Sampling and Determination of Moisture 

I. Gross Sample. A. Car Shipmenitt. One hundred ])ounds sample j>or ear. 

1. ^ainpling from the Car. In sampling car sliir>ments in the car at least ton 
scoopshovelsful, aggregating 100 lbs., shall be taken from each car at approximately 
equal distances from c^ach other s as to averages the ear. Care shall be taken to 
see that (»ach scoopful shall cover the entire face of the ))ilc from floor to top. 

‘2. Sampling from the iUiri or Barrow. A s'call hand scoopful of I to 2 lbs. shall 
1)0 taktMi from eacdi cart or barrow either as it is being loaded or as it leaves the car. 

B. Cargo Shipmentti. One hiindnvl i-oiinds i: inimiim sampler per vessel. 

1. Sampling in Hoisting Tah. In sa npling cargo(*s generally running from ItKlO 
tons U])\vard a small haml s^*ooj)fiil sliall be taken from ai)pro\imately every tenth 
tub befoie it is hoisted from the hold. 

2. Sampling from Conwgor. li‘ unloadiiu; i: bf*ing done with automatic bucket 
and conveyor, ])eriodi(*al sc'ctionsor the cmtin* discharge c/f th«' conveyor shall be taken 
of such intervals and ciuantityas to giveasau'ple c‘(|uivalcnt t> ai)proximately 1 lb. 
I)Cr each 10 tuns oi cargo. 

H. Sampling from Conveging VrhivLv. Sam|)h\s shall bc^ taken with a hand scoop 
from various cars at such rt^gular intervals and in sncli cpiantities as to give ai)prox- 
imat(dy 1 lb. for each 10 tons oi cargo. 

II. Laboratory Sample. '^I^he resulting gross sample obtained by any one oi the 
methods outlined shall be crushed to p.ass a frur-m(\sh serecai, thoroughly mixed on a 
clean, hard surface and tpiartered down to a 10-lb. average sample. 

A. Crushing. 'Phis 10-11). sample shall all be erushed to ])ass an eight-mosh 
screen. 

B. Mi.ving ami Quartering. This c‘ight-niesh sample shall be carefully mixed 
and (luartorcd do\Mi to two 2-lb. samph's. 

C. (/rinding. I. Moisture Sam /dr. Om^ of these 2-lb. samples shall he held in an 
air-tight eontainer. This sample is to l)e used for the d(?termination of moisture. 

2. A nalgtiral Sam /dr. Th(^ oth(‘r 2-lb. sam])le shall be further mixed and quartered 
down to a 2- or 4-oz. sam])l(' which is then to be ground to ])ass a sixty-meah screen 
or ]»r(?ftuably a sixty-five mesh screen. This sampler is to be used for the analytical 
determination. 

Notk. It is esscMitial that the taking of the gross sample be done with small 
hand scoops and that the juactice ol* taking the sample in the hand be absolutely 
prohibited, for it has been found that th(‘re is considerable selective action in the 
finer materials sifting througli the fingers while a s<*oop retains the entire sample. 

The dimensions of the screens n'ferrcil to above an^ to be as follow’s; 


No. of Mt’.sU 

4 

5 

(55 


tSiasi- of <)p<>niiiK 
luchoa 

0.1S5 

0.09:3 

0.00S2 


Diaiin'tcr of Wiro 
lurhra 

0.065 
0 0:32 
0.0072 


III. Detennination of Moisture. Moisture is to l>o determined on both the 
moisture stimple tiiid iiuiilytieul s:uu]’k*. Of tlie moistfire sample not less than 100 
(^aiuH arc t<j be weighed oiit for each detennination. ( )f the analytical sample approx- 
nnately 2 Kraius are to be weighcid out for each determination. Iloth arc to be dried 
to constant weight fit a temperature of 105“ C. in a well-ventilated oven, jircferably 
with a current of dry air )>assing through the oven. 'I'he containers in w'hich moist- 
ure is (ictermined sliould lie jirovided with well-fitting covers so that the samples 
nmy be cooled and weighed in the well-covered container. 

* .Tourn. linl. and Ling. C3hcm. 
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IV. Calculatioii of Results. The percentages of phosphoric acid and iron and 
alumina as determined on the analytical sampte are to be calculated to a moistum- 
free basis and subsequently to the basis of the original sample as shown by the moist- 
ure content of the moisture sample. 

Determination of Phosphoric Acid 

Aeapento. To bo prepared as in Official Methods, A. O. A. C. Bureau of Chemistry, 
Bulletin 107 (Rev.), 1910, p. 2. Preparation of reagents (c), (d), {e) and (/), except 
that the ammonium nitrate solution in (d) is changed to 5% instead of 10%. 

^ Method of Solution, To 5 grams of the samj>le add 30 cc. of cone, hydrochloric 
acid (sp.gr. 1.20) and 10 cc. of cone, nitric acid (sp.gr. 1.42) and boil down to a 
syrupy consistency. The residue, which should be nearly solid after cooling, is taken 
up with 5 cc. of cone, nitric acid and 50 cc. of water. Heat to boiling, cool, filter 
and make up to 500 cc. through the filter. This procedure eliminates practically 
all of the silica and it is necessary to filter as quickly as possible after digestion so 
as to avoid redissolving the silica. 

Determination, Draw oiT an aliquot portion of 50 cc., corresponding to 0.5 gram, 
neutralize with ammonia, then add nitric acid until the solution is just clear. Add 
15 grams of ammonium nitrate (free from iihosf>hates), heat the solution to 50® C. 
and add 150 cc. of molybdate solution. Digest at 50® for fifteen minutes with 
frequent stirring. Filter off the supernatant liejuid and test the filtrate with molyb- 
date solution to see if precipitation has been conqilete. (If not, add more molybdate 
to the filtrate and digest for fifteen niinuie.s longer.) Wash with 6 i>er cent ammon' irn 
nitrate solution by clecantation, retaining as much of the i>recij)itate as possible in the 
beaker. Dissolve the precipitate in the beaker in tli>e least possible (juantity of ainmo- 
nium hydroxide (sjKgr. 0.90) and dilute this solution with several times its volume 
of hot water. Dissolve the remainder of the jirecipitate on the filter with this solu- 
tion, washing beaker and filter with hot water and keeping the volume of the filtrate 
between 75 and ICX) cc. Neutralize with hydrochloric atad, cool to room tempera- 
tuie and add 25 cc. of magnesia mixture from a burette, drop by drop, stirring 
vigorously with a rubber-t ipped rod, then add 15 cc. of ammonium hydroxide (sp.gr. 

0.90) and allow to stand for four liouns or overnight at room temperature. The time 
of standing may be reduced to two hours if kept in a refrigerator or still better in an 
ice-water bath. Filter through a ]>latinum or jK>rcelain (looch crucible, fitted with 
a j)latinum or asbestos mat carefully made and ignited to constant weight. Wash 
with 2.5Vo ammonium hydroxide until ])ractically free from chlorides; dry, ignite, 
cool and weigh as magnesium pyrojdiosphate. If desired, filtration may be made 
through an ashless filter paper, igniting in the usual maimer. Calculate to P2O6 by 
multiplying by 0.(5378 (log 804(58). 

Determination of Iron and Aluminum together as Phosphates 

1. Solutions Required: 1. Hydrochloric acid (1 : 1); prepared by mixing 1 part 
by volume of concentrated IKU (sp.gr. 1.19) with 1 part of distilled water. 

2. A Siiturated solution of ammonium chloride, which should be filtered before 
use. 

3. A 25% solution of ammonium acetate, faintly acid to litmus paper. 

4. A solution of ammonium phosjjhate (10%), prej)ared by dissolving 20 grams of 
(Nn4)2HP04 in ISO cc. of distillcnl water and filtering. (This should be prepared 
frequently in small iiuantity, as it attacks glass containers on standing.) 

5. A standard solution of ferrous ammonium sulphate, containing iron equivalent 
to about 0.0100 gram of Fe2()3 in 10 cc. and 50 cc. cone. lUH per liter. 

(5. A solution of calcium and magnesium phos])hates for blank determinations, 
prepared as follows: Dissolve 4 grams of MgO and 35 grams of CaCOa (both free 
of iron and aluminum) in 100 cc. concentrated HC3, add an aqueous solution of 30 
grams of (N 114)21! P( >4, make up to 2 liters and filter. 

7. A solution of ammonium nitrate (5%) for washing preci])itates. About 400 cc. 
are required for each determination. 

All reagents used should be as jiure as jiracticable and all solutions should be free 
of suspended matter. 

II. Preparation of Rock Solution. Place 2.5 grams of pulverized rock with 50 cc. 
of 1 : 1 llCl in a graduated 250-cc. flask, the glass of which contains less than 1% 
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of iron and aluminum oxides.^ Boil ^entlv with occasional shaking for one hour in 
such a manner as to avoid concentrating the solution to less than Imlf of its ori^al 
volume, > dilute, cool to room temperature, make up to volume and mix; niter 
immediately through a dry filter into a dry flask, discarding the first few co. of the 
filtered solution. 

Pipette a 60-cc. aliquot, representing 0.5 grain of rock, into a platinum dish and 
evaporate nearly to dryness.* Cool, take up with a few cc. of water and when the 
salts are loosened from the dish, ada 5 cc. of 1:1 sulphuric acid and evaporate to 
fumes. Increase the temperature and evaporate nearly to dryness.* Cool, dilute 
with about 50 cc. of distilled water, add 10 cc. of cone. HCl and heat, with occasional 
stirring, until suliihates are dissolved Filter into a 600-cc. Jena glass beaker through 
a 9-cm. pa])er (S. & S. No. 597), wi thing the paper thoroughly with dilute HCl and 
hot water. 

III. First Precipitation with Ammonium Acetate. To the solution in the beaker, 
add 25 cc. of the standard iron solution when the amount of combined iron 
aluminum oxides in the rock does not exceed 6% and 50 cc. of the standard iron 
solution when the comliinod oxides exceed 5%.* Oxidize with about 3 cc. of bromine 
water and boil in covered beaker for about fifteen minutes to expel the excess of 
bromine, fiinsc cover and sides of beaker with distilled water and cool to room tem- 
pera tur*^ 

Uiun a blank determination containing 10 cc. of 1 : 1 IK'Jl, 25 cc. of the calcium 
and magnesium ]3hosphat.e solution, and the same (quantity of standard iron solution 
as is added to the rock solution.) 

Add 100 cc. of saturated ammonium chloride solution,® 3 cc. of 10% anunoniuin 
phospluite solution, 2 drops of methyl-orange indicator and cone, ammonium hydrate 
(free of spangles and dissolved mineral matter) to alkaline reaction. Then add 
dilute IK'l (about 1 : 20) drop by drop, with constant stirring, until the solution 
becomes faintly acid and tlio pink color of the methyl orange is just restored.’^ 
Dilute to 450 e"c.* with distilled water, heat to Imiling, and add 25 cc. of 25% ammo^ 
Ilium acetate solution. Continue heating for about five minutes, after adding ammo- 
nium acetate, filter on a 12.5 cm. ashless filter paper (S. & 3. No. 5S9 White Ribbon ” 


1 Experiments have shown that the solution cannot bo made in flasks made of glass 
containing a higher ])er(!entage of alumina, because the fluorine in the rock partially 
dissolves the glass and adds alumina to the solution. Neither Nonsol,'^ “Jena'' 
nor “ VVeber\s rc'sistaiit glass “ R " is suitable. Flasks made of glass containing 
little alumina, such as “ Kav.alier," “ F Z resistant glass " or other Bohemian glass 
of lower alumina content have proven satisfactory. Sec “ Chemical Glassware," 
B. H. Walker, J. Am. C'hem. Soc., 27, S05. 

* This may be ac;complished by lunitiiig the flask over a low Bunsen flame or on a 
hot plate which is just hot enough to keep the solution boiling. A glass tube about 
12 ins. long by I in. in diameter with a bulb in the middle makes a very satisfactory 
condenser wlion placed in the neck of the flask. 

® It is advisable to remove as much of the HCl as iwssible before adding sulphuric 
acid so as to minimize the chances of loss by effervescence or bumping. The evapo- 
ration may be conducted in glass beakers of low alumina content. Kavalier glass nas 
been used* satisfac;torily. In no case should the evaporation bo conductea in por- 


celain. 

* It is liest to remove as iniK^h sul])huric acid as possible so that the calcium sulphate 
which might hold iron will dissolve readily in HCl, 

* It has been found that when iron oxide is present in considerable excess over 
aluminum oxide the precipitation of the phosphates is more complete, the combined 
j>hosphates are more readily ignited to constant weight, and the precipitate does 
not become red on ignition. 

•Ammonium cliloride in large quantity increases the solubility of calcium and 
magnesium phosjihates and decreases the solubility of iron and aluminum phosphates. 

^This method of adjusting acidity was suggested by F. B. Carpenter and was 
found to give satisfactory results. 

•All our work has confirmed Brown's statement (see Wiley's “Principles and 
Practice of Agricultural Analysis," 2d edition. 1908, Vol. II, j>. 245) that tne sepa- 
ration from calcium under the conditions oi the method depends upon sufficient 
dilutioT'. 
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is suitable), in a 3-in. rapid filtering funnel, keeping the contents of the beaker and fun- 
nel hot.^ Wash three times with hot 5% auunonium nitrate solution, each time cut- 
ting the precipitate loose from the filter and stirring it thoroughly with the stream 
from the wash bottle and filling to within about 1 in. of its upper edge. ^ About 30 cc. 
are required for each washing. Return the precipitate to the precipitating beaker 
by waiming it out of the filter with a stream of hot water. Dissolve the ])recipitate 
with dilute HCl (1 : 6 ), pouring about 60 cc. through the filter in successive washings 
and using about 26 cc. to wash down inside the beaker. Finish filter paper with 
distilled water. 

IV. Second Precipitation with Ammonium Acetate. Cool the solution to room 
temperature, add 60 cc. saturated ammoniiun chloride solution, 4 cc. of 10% ammo- 
nium phosphate solution, 2 drops of methyl orange, and adjust acidity as before. 
Dilute to 300 cc. with distilled water. Heat to boiling, add 15 cc. of 26% ammonium 
acetate solution and continue heating for about five minutes. Filter on the same paper 
as used for the first filtration, scrubbing the insuh? of the beaker with a rubber-tipped 
stirring rod and rinsing with hot 5% ammonium nitrate solution. Wash the pre- 
cipitate ten times with hot 5% ammonium nitrate solution, eacli time cutting the 
precipitate loose, stirring it thoroughly as before and breaking up all lumps that it may 
contain. About 3(M) cc. of wash solution arc required. 

As a ])recautionary measure, boil the filtrate and washings from both the first 
and second precipitates, and recover any additional i^recipitate. 

V. Ignition or Precipitate. Transfer filter with ])recii)itate to a weighed deep- 
form porcelain criieiblo (40 nim. in diameter is a good size) and heat gent ly over a lew 
flame until the eontonts are dry, inereasc the temjieraturc a little and continue heating 
until the paix^r is charred, increase the tcm]>erature again and continue heating until 
the paper is entirely burned. Ignite the uncotu'rrd^ porcelain crucible for one-hour 
periods over blast lamp No. 4 M^kcr burner to constant %veight, each time cooling to 
room temperature in aesiccator before w^eighing. Deduct the weight of blank from 
each detennination, and after subtracting the weight of FeP 04 ecpiivaleiit to the 
amount of iron found in 0.6 gram of rock by titration, calculate the remainder to 
AljOi. AIPO 4 X0.4184 - AlaO,. 


Determination of Iron 

1. Solutions Required. 1 , Standard Potassimn Permanganate^ N/40, contain- 
ing 0.79016 gram of KM 11 O 4 per liter, and having a value of 0.001990 (or i)raetically 
0 . 002 ) gram of FcaO* per cc. Standardize with pure sodium oxalate (Bureau of 
Standards standard sample No. 40.) 

2. Stannons Chloritle, Dissolve 60 grams of the cr 3 "stallized salt in 100 cc. of 
hot cone. IlCl and make up to 1 liter with distilled water. 

3. Mercuric Chloride. Fre])are a cold saturated solution. 

4. Manganese Solution, (Preventive solution): (a) Dissolve 200 grams of crys- 
tallized manganese sulphate in ICKK) cc. of water. ( 6 ) Pour slowly, with constant 
stirring, 400 cc. of cone, sulphuric acid into 600 cc. of water and add 1000 cc. of phos- 
phoric acid of 1.3 m>.gr. Mix solutions (a) and ( 6 ). 

II. Analytical Procedure. Determine iron according to Jones' and JefTrey's 
modification of the Zimmerinann-Reinhardt method ® as follows: Place in a 250-cc. 
beaker an aliquot of the rock solution, containing not more than 5 cc. of cone. 
IICI, boil and reduce with the smallest possible excess of stannous chloride, added 
drop by drop while agitating the solution. Wash sides of beaker with distilled 
water and cool rapidly. Add 10 ee. of mercuric chloride solution and stir vigor- 
ously for about thirty seconds.^ Pour the mixture into a largo porcelain casserole 
or dish containing 20 ec. of the manganese solution in about 600 cc. of water which 
has just been tinted with the ])erinanganate solution. 

‘ The contents of the funnel w'ill remain hot if the solution in the beaker is kept 
hot over a low flame and filtration is fairly rapid. 

* Heat over Bunsen to redness before placing over blast in order to prevent loss 
of precipitate by blowing out of crucible. 

* Analyst, 84 (1909), 306. 

^ Barneby has shown that only a short interval of time is necessary between the 
addition of mercuric chloride and mangsuiCHC sulphate, if tlie solution is thorouglily 
agitated. J. Am. Chem. Boc., 86 (1914). 
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Titrate with N/40 fKsrnnanganate solution, to original tint and correct result hy the 
volume of KMri04 required for a blank containing the same quantity of HCl (diluted), 
adding 2 or 3 drops of stannous chloride to the hot solution, cooung, adding 10 cc. 
of mercuric chloricle and titrating similarly. 

When the rock solution contains carbonaceous matter it is necessary first to 
oxidize this with a little potassium chlorate, evaporate to dryness to eliminate chlorine, 
and redissolve with 5 cc;. (;onc. H(!!l and about 10 cc. of water. 

Calculate the Fa^ih found to hVPO^, using the factor 1.8898, and after deducting 
from the weight of conibined pb ;])hates found, calculate the difference (A11^4) 
to Al^s* 



Fig. 55o. — C hristian Becker Chainomatic Balance. 

The chain balance shown in Fig. r>5a is of the usual construction of the analytical or 
laboratory balances as far as knife edges, bearings, etc., are (;oncerned, with the exception 
that there is no rider and consequently no graduations on the beam. One end of 
tiie weighing chain is hung from an ariii of the scale beam, and the other end from 
a slide-block which is moved up and down on a vertical graduated scale. As this 
block is raised, more of the weight of the chain is taken from the l)eam and hangs 
from the slide-block which forms a stationary sup|)ort for holding the inactive part 
of the c;huin. As the slide is lowered a greater nrofHirtion of the weight of the chain 
is transferred to the beam. By means of this cnain and vernier device, after all the 
necessary large weights up to 50 milligrams arc placed on the pan, the weighing from 
50 milligrams to Vn; of a milligram can be concluded without ojiening the balance or 
using the arrest, eliminating the necessity of reading and replacing all small weights or 
the handling of a rider, with a consequent enormous saving of time. The editor has used 
the Becker chainomatic balance for over a year and has found it highly satisfactory. 



PLATINUM 

R. E. Hickman ‘ 

PtiOf.lof. 105.2; sp.flrr. 21.48; m.p. IT.'i.'i'* C.; oxides PtO, PtOt 

DETECTION 

Hatinuiii is a gray, lustrous, soft and malluablu mutal. It is not altered by 
ignition in the air, but fuses in the oxy-hydrogen flame. It does not dissolve in 
any of the single acids, but a fusion Avith acid potassium sulphate attacks the metal 
slowly. The action of chlorine in general, and nitro-hydrochlorie acid (aqua 
regia), the main solvent, converts the metal to hydrochlorplatinic acid, H2rt(.-1#, 
which forms many double salts, or jilatinochlorides. If platinic chloride is gently 
heated it breaks up into platinous chloride, PtCMa, and chlorine. 

If, however, the platinum is alloyed with silver, it dissolves in nitric acid to a 
yellow liquid, provided sufficient silver is present in the alloy. 

The oxides can be formed by carefully igniting the corresponding hydroxides. 
These are very unstable, decomposing into metal and oxygen by gentle ignition. 

The chlorides arc the most important compounds of platinum. 'IVo complex 
acids arc formed with hydrochloric acid when the metal is dissolved in aqua 
regia. 

PtCl4+2IICl=»H*PtCl6 (hydrochlorplatinic acid), orange-red crystals. 

PtCI»-H 2 HCl=*H 8 PtCl 4 (hydrochlorplatinous acid), only known in solution. 

An aqueous solution of the former is yellowish-orange, while an aqueous solution 
of the latter is dark brown, the former being by far the more important. 

Potassium iodide precipitates platinum iodide, but it dissolves quite readily, 
giving a pink to a dark blood-red liquid, depending on the concentration of the 
solution. Nitric acid should be absent. Heat destroys this color, as well as 
hydrogen sulphide, sodium thiosulphate and sulphite, sulphurous acid, mercuric 
chloride and certain other reagents. 

Hydrogen sulphide precipitates black platinum disulphide, PtS2, with the 
other elements of the hydrogen sulphide grou.i. The solutkm should be warm, 
as precipitation takes place more quickly. It is dilTicultly soluble in ammonium 
sulphide. It will be found in the extract with the arsenic, antimony, tin, gold, 
molybdenum, etc., and is precipitated with these elements upon addition of hydro- 
chloric acid. Platinum sulphide is soluble in aqua regia. 

Ammonium chloride added to a concentrated solution of platinum chloride 
precipitates yellow (NH4)*PtCl6, which is slightly soluble in water, but insoluble 
in dilute ammonium chloride solution and alcohol. 

Potassium chloride precipitates yellow KaPtCh, which is difficultly soluble 
in water, but insoluble in 75 % alcohol. 

1 Chief Chemist, J. Bishop & Go. Platinum Works. 
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Ferrous sulphate precipitates itietallic platinum on boiling from a neutral 
solution. Neutralize with Na/ 'O*. Free mineral acids prevent the precipita- 
tion (difference from gold). 

Stannous chloride dues not reduce platinum chloride to metal, but reduces 
hydrochlorplatinic a<*id to hydrochlorplatinous acid. 

HaPtCle-l-SnCU =H2PtCl«-fSnCl4. 

Oxalic acid does not precipitate platinum (difference from gold). 

Sodium hydroxide with glycerine reduces hydrochlorplatinic acid on wann- 
ing to black metallic powder. 

Formic acid precipitates from neutral boilmg solutions all the platinum as 
a black metallic pow'der. 

Thallium protoxide precipitates from the platinum bichloride solution a pale 
yellow salt, thallium platinoc-hloride. When the salt is heated to redness it 
leaves an alloy of thallium and platinum. 

Rubidium, caesium and thallium chlorides yield similar insoluble salts 
with platinum chloride. 

Sodium hydroxide added to platinic chloride and then su))ersaturating with 
acetic acid produces a reddish-brown precipitate of platinic hydroxide Pt(OH) 4 . 
This dissolves in acids readily, except acetic acid. 

Metallic zinc, magnesium, iron, aluminum and copper arc the most 
important metals that precipitate metallic platinum. 

H*PtCl.-f3Zn =,3ZnCh-|-IL+rt. 


ESTIMATION 

Platinum may be present under the following conditions: 

1. Native grains usually accompanied by the other so-called platinum metals, 
iridium, palladium, ruthenium, rhodium, osmium, and gold and silver (alloyed 
with one or more of the allied metals). 

Ore concentrates containing the native grains as above with the base metals, 
iron, copper, chromium, titanium, etc. The associated minerals high in specific 
gravity in the gravels may bo expected to appear with the platinum nuggets, 
such as chromite, magnetite, garnet, zircon, rutile, small diamonds, topaz, quartz, 
cassiterite, pyrite, epidotc, and serpentine; with gold in syenite; ores of lead and 
silver. 

2. Scrap platinum containing, oftentimes, palladium, iridium, gold, silver 
and iron. 

3. Small amounts of platinum in the presence of large amounts of iron, 
silica, carbon, nmgncsia: platinum residues, nickel and platinum contacts, 
photography paper, jewelers’ filings and trimmings, dental and jewelers’ sweeps 
and oslxistos, etc. 

4. Platinum alloyed with silver, gold, tungsten, nickel, copper, lead, etc. 

5. Platinum solutions and salts. 

Preparation and Solution of the Sample 

The best solvent for platinum is aqua regia. The metal is also acted upon by 
fusion with the fixed alkalies — sodium or potassium hydroxide and sodium per- 
oxide or potassium or sodium nitrate; also by fusion with acid potassium sul- 
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phate. Platinum alloys when highly heated witli other metals, as lend, tin, bis- 
mutli, antimony, silver, gold, copixir, etc. The eltaueut dissolves in nitric sieid 
when alloyed with silver. This gives a method for the determination of gold 
in the presence of silver aiid platinum alloy. 

All salts of platinum are soluble in water. The less soluble salts are the ehloro- 
platinates of potassium, aimuouium, rubidium, and caesium. Heat increast's 
the solubility while the presence of alcohol decreases the solubility. 

Ores. When the free grains of platinum, gold and osmiridium are desired 
the following metlKnl is recommended: Five to 10 grams of the ore are taken 
from a well-mixed pulverized sample and placed in a large platinum dish that has 
been weighed. Twenty-five to SO cc. of strong hydrofluoric acid togtstlmr with 
5 to 10 cc. of concentrated sulphuric acid is mixed with the ore in the dish and 
evaporated on the water bath, when SiF* and the excess of HF arc expelled. 
The material is gently heated until SO3 fumes are given off. This is repeated 
with IIF if necessary. The material is washed into a ensserolo with about 200 cc. 
of hot water and dige.stcd over a water bath for fifteen or twenty minutes, and is 
then washed by decantation, several times pouring the suiiematant li(iuor through 
a filter to save any floating material that might be washed out. The filter is 
cautiously burned and the residue is added to the unattacked material. 'I’his is 
transferred from the dish to a b«!aker or a porccilain dish an<l treated Avith aqua 
regia. The platinum and a small amount of iridium that dLssf)h'es Avith tlu; 
platinum on account of its being alloyed can be precipitated Avith lunmonium 
chloride. The remaining residue in the dish Avill be a snudl amount of sand and 
osmiridium. The silica is driA^en off Avith IIF as described aboA'e and the bright 
grains Aveighed as o.smiridiuin, or the sjind and osmiridium arc run down in a 
scorifier Avith lead, and the lead dissoh-ed in dilute nitric acid, leaving the osmirid- 
ium grains free from sand. 

Platinum Scrap. One-half gram to a gram is dissolved in aqua regia and 
evaporated with IKU to get rid of the HXO3. 

If the platinum is allcjyed with a large amount of copiwr, silver, lead and 
other impurities, a 8am])le of 1 to 5 grams is dissolved in 1;5 to 25 cc. of HNOj, 
whereby the copper, silver, lead and other impurities alloyed Avith the platinum 
os well as a large amount of platinum Avill dissolve. The residue after washing 
will be platinum and gold. Those are dissoh'cd in aqua regia as described alwve 
and the platinum precipitated with ammonium chloride. The platinum is 
recovered from the nitric acid solution and added to the aqua regia solution and 
the whole is evaporated to get rid of the HXOs. 

Small Amounts of Platinum in the Presence of Large Amounts of Iron ; 
Iron Scale, FeiOs; Sulphate of Iron, Magnesia, Sulphate of Magnesia, 
Silica, etc. The material is carefully Aveighed and the coarse scales are .sepa- 
rated from the finer material containing the platinum by passing the fines through 
a 20-in. mesh or finer wire sicA'e. The coarse scale seldom contains platinum, 
but it is advisable to quarter this down to 1 kilogram or a fairly good-sized sample 
and test for platinum on a portion of the ground sample. This can be tested 
by a wet or a fire assay. The fines are quartered down to about 1 kilogram and 
ground to pass a 60- to 80-in. mesh sieve. One hundred to 600 grams of the 
material are taken for analysis. This is placed in one or more casseroles, depend- 
ing on the amoimt taken. Each 100-gram portion is extracted by digestion on 
the steam bath with about 300 to 400 cc. of 10% H1SO4. The iron, magnesia, 
etc., soluble in HsS 04 will go into solution, leaAung the platinum with the 
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insoluble residue. Filter (a Buchner funnel may be necessary) and wash the 
residue with water. Test the filtrate for platinum and if any is present precipi- 
tate with zinc as described below. 

After the filter is ignited in a large platinum dish, the residue is moistened 
with iI*S()4, and HF is added completely covering the material. The solution 
is evaporated on the water bath until SOj fumes arc given off. If necessary, 
repeat the treatment with II0SO4 and HF until all the silica is driven off aa SiF4. 
The residue is transferred to a casserole and digested with aqua regia according 
to directions given under Ores and Platinum Scrap. It is sometimes very dif- 
ficult to precipitate all of the platiiiutn in the presence of a large amount of 
iron, magnesia, etc., not having the solution concentrated enough for the plati- 
num. It is advisable to reduce the platinum by iron or zinc, filter, wash with 
water and redissolve the black metallic platinum in aqua regia. The HNOi 
is expiilled by evaporation and adiling conci^ntrated lICU from time to time and 
finally the platinum is jirecipitatod with ammonium chloride. 


SEPARATIONS 

A careful review of the paragraph on Detection W’ill l)e very helpful often- 
timc's in making separations from other metals and substances. 

Separation of Platinum from Gold. 'I'hc platinum is precipitated first with 
ammonium chloride, as (NIl4)2Pt(.M#. After the precipitate has settled it is 
filtered and wasluxl free from gold 'with dilute ammonium chloride solution and 
alcohol. The gold is precipitattid with a concentrated solution of ferrous sul- 
phate or iron protochloride as metallic gold. 

Oxalic acid precipitates the gold, leaving the platinum in solution. The oxalic 
acid is adilcd and the solution boiled until the gold is entirely precipitated. 
Filtiir and wash the precipitate of metallic gold free from platinum. The filtrate 
is evaiKirated as far as possible without crystallizing, and the platinum is pre- 
cipitated with ammonium chloride as (NH4)2Pt(’le, or it may be reduced 'with 
zinc and the black dissolved in aijua regia and treated as described above. 

Separation of Platinum from Iridium. The platinum and the iridium are 
precipitated by iron or zinc and the black residue is washed free from impurities 
and the platinum is dissolved in dilute afiua regia with gentle heating, leaving 
the iridium as metallic iridium. The platinum solution is evaporated as described 
above and precipitated with NH4('l as (NH4)2Pt(’l«. 

If the platinum and iridium are i>re(upitatcd together, the salt is fil'tered and 
washed with ammonium chloride solution and finally ignited. The sponge is 
redissolvcd and evaporated as above to expel the HNOa. The platinum and the 
iridium are precipitated with NaOII, which brings down the platinum and iridium 
as Pt(OH)4 and Ir(OH)4. Boil this mixture with alcohol, which reduces the 
Ir(OH)4 to Ir(OH)3, but does not affect the Pt(0H)4. Dissolve these hydroxides 
in HCl, forming PtCb and IrCla in solution, and the platinum is precipitated with 
NH4CI free from iridium. 

Separation of Platinum from Palladium. The platinum and the palladium 
are reduced with zinc and the black residue treated with HNOa. The palladium 
goes into solution, leaving the platinum as a black metallic residue. 

The black residue of platimun and palladium can be dissolved in aqua 
and the solution evaporated with additions of HCl to get rid of the nitric acid. 
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The platinum is precipitated with NII4CM and filtered. 


The filter i.s wjushed free 


from palladium. 

Separation of Platinum from Ruthenium. From the chloride of platinum 
and ruthenium the mcfals are jmjcipitatcd with ammonium or ])otassium chloride 
and filtered. The filter is washed with dilute ammonium chloride solution or 


dilute potassium chloride solution ajul alcf»hol until free from ruthenium. If 
a lar(;e quantity is handled it may he necessary to ignite to ijljitinmu sponge and 
dissolve in a(]ua regia, expel the IINOa as tlescribed above, an<l i'(!precipitate 
with NH4(.’1, filter and wash free from ruthcjiium. 

Separation of Pla tinum from Rhodium. 'I'ho rhodium salt, like the ruthe- 
nium salt, is soluble and can be wtushed from the i)latinum salt, (NlDal’tt'lo, as 
under Separation of Ft from Rii. 

Separation of Platinum from Osmium. Hoth mettils are reduced with 
zinc as a fine black powder, 'I'he mctalli«* residue is washed and carefully ignited 
at a high tempenituro under a hood, as the fumes are jM)isoiums and disagreeal)le 
like chlorine. The osmium will be cfinverted into OsO^ and OsOi, which are v<!ry 
volatile. I’he residue is dissolved in a(iua r(^gia and the platinum is jirecipitated 
with NII4CI. 


GRAVIMETRIC METHODS FOR THE DETERMINATION 

OF PLATINUM 

A. Weighing as Metallic Platinum 

1. When the platinum contains only a small amount of impurities a sample 
of gram or more is taken and dissolved in iuiua r<!gia. The solution is g<mtly 
heated until all is dis.solved, adding another ])ortion of acpia regia if neee.ssary. 
The solution is evaporated, ad<ling IICI from time to time in order to expel 
the UNO*. Filter and evap«»ratc again to c(nicentrale the solution. Precipi- 
tate with ammonium chloride. After stirring, hit stand until the prc?cipitate, 
(N ll4)aPtCl», settles, overnight if convenient. Filter, wash with aleoliol or 
anunonium chloride solution and alcohol, and ignite to mel.al, which will be in 
the form of metallic sponge. Cool in a desiccator and weigh as metallic platinum. 

Wt. of Pt found ^ , 

^ . — _ — lOQ — per cent of Pt in the material. 

Wt. of sainjnc takem 

2. When the platinum solution contains a large amount of impurities, ns 
iron, nickel, magnesia, etc., it is advisable to reduce the platinum to black metallic 
platinum with zinc, iron or magnesium as follows; The solution is made acid 
(2 to 6% free HCl) by adding IK :i. The Zn, Fe or Mg is added in .small (luanti- 
ties at a time until the solution becomes colorhiss or until the jilatinum is com- 
pletely precipitated.^ After action has ceased the platinum black metal is 
filtered onto an ashless filter paper and washed with wanu dilute IK’l to remove 
any excess Zn, Fe, or Mg that might bo present. The filter and its contents are 

* FeCIa in presence of IICI has a solvent action on platinum, hence the iron «^mild 
be completely reduced. 
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carefully ignited and afterM'ards dissolved in a(iua regia and treated as directed 
under A, 

ti. If none of the other lij’drogen 8ul])hide Group metals are present the 
platinum can be precipitated by hydr<»gen sulphide, filtered, washed with hot 
wat(!r and ignited to inelal. If imimrities are present in the suljdiide, dissolve 
in aqua regia and i)rocced as under A, 1. 


B. Weighing as a Salt 


1. The procedure is the same as under A. The (XlliljPtCl* precipitate 
is wsished t)n a weighed (Jooch crucible with alcohol. The crucible ami con- 
tents are dried at a temperature below 100°. Cool in a desiccator and weigh 
as (XID.PK'I,. 


Wt. of (XJldjl’U’Ia f(>undX 


MOl. wt. Of f't 


Mol. wt. of (NH«),l>tCU^\Vt. of sample 




per cent of Pt in material.® 


2. After proceeding as described under A, the platinum is precipitated with 
potassium chloride as K2PtCl6. 'I’ransfer to a weighed Gooch crucible and wjush 
well with alcoh(»l. Dry below 100°, cool in a desiccator and weigh as KjPtC’l*. 


Wt. of K^PtChfoundX iJh X\rT- 7 — -i- =% materhdJ 

Mol. wt. of KjPtCl* >V t. of sample 


C. Determination of Platinum by Electro«analysis 

When platinum solutions are acidulated with sulphuric acid and acted upon 
by a feeble current they give up the metal as a bright deposit uix)n the elec- 
trode. If platinum is us«;d as tin; el(;ctrodc, first coat it with a layer of copi)er and 
deposit the platinum ujxm the copper. IN'ivsh with W’ater and alcohol and after 
drying weigh. 

Wt. of electrode-l-Cu-f-Pt— Wt. of elcctrodc-h('u =Wt. of Pt. 


Wt. of Pt 

Wt. of sample taken 


XKX) — i>er cent of Pt in material. 


Dr. E. F. Smith, in his work on “ Electro-Analysis ” recommends that the 
KjPtC’l* be dissolved in water and slightly acidulated with H2SO4 (2 or 3% by 
vol.) and after heating to about 60 to 65° and electrolyzing with N.D.ioo = .05 
ampere and 1.2 volts, the platinum will be completely precipitated in from four 
to five hours in a perfectly adherent form. A rotating anode will precipitate 
the platinum much quicker. 

® If iron and lead are suspected, the platinum residue is washed with 10% solution 
of ammonium chloride and then with 10% solution of ammonium acetate and finally 
with K0% alcohol. 

® Factor (NHOjPtCla to Pt =0.4393. 

•Factor KjPtCle to Pt= 0.4013. 



RARER ELEMENTS OF THE ALLIED 
PLATINUM METALS 

It. K. Hickman.* 

IRIDIUM 

Element, Iridium. Ir. at.wi. 193.1; xp.gr. 22.3i m.p. JJ350® C.? oxides 

IrOa, Ir.Oj. 


DETECTION 

Iridium is found a.ssociatcd witli platinum. 'I'lie element is insoluble in all 
acids, including aqua regia. Chlorine is the be.st reagent which forms the chlor- 
ides of iridium and yields conqxmnds with other chlorides as KsIrCl#, which is 
insoluble. If the element is heated in a stream of chlorine in the presence of 
potassium chloride there forms a salt, KsIrCle, which is sparingly soluble and is 
used in the separation of iridium. 

Caustic Alkalies produce in a boiling solution a dark-blue precipitate of 
Ir(0H)4 insoluble in all acids except H(’l. 

Potassium chloride fonns the double salt of KilrCU, which is black and is 
difficultly soluble in water. 

Ammonium chloride prncijiitates black (Nll 4 ') 2 lr(’l*, which is difficultly 
soluble in water. 

Hydrogen sulphide procijiitates black Ir^Sj, solulile in (XHdsS. 

Metallic zinc pri'cipitates from an acid solution black metallic; iridium. 

Formic acid and sulphurous acid precipitate black metallic iridium from 
hot solutions. 


ESTIMATION 

Substances in which iridium is detc;nuiued arc fciw, namely: ])latinum scrap, 
jewelers’ swciops, contac*t ])oints, ores, etc. 

Preparation and Solution of the Sample 

Platinum scrap and contact jioints, etc., containing iridium dissolve with 
difficulty in aiiua regia, depending on the amount of iridium present. The 
alloy is dissolved ciuicker if it is rolled or hammered to a very thin sheet or 
ribbon. The alloy of platinum and iridium with an ii idium content up to 10% 
dis.soivcs in aipia regia slowly; an alloy of iridium content of 1.')% dissolves in 
aqua regia very slowly and the aipia r<‘gia will liki'ly have to be replenished from 
time to time. An alloy of 25% iridium is practically insoluble in aqua regia. 
The fillings from the sweeps, etc., can be dissolved by aqua regia the same as 
the scrap. After expelling the IINOa the platinum and the iridium are prccipi- 

* Chemist, J. Hishop & Co. Platinum Works. 
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tated togoihor witl» as and (XlldaIrCI*. When the pre- 

eijjitatc is ignited <o metal it forms an alloy of platinum juid iridium. The 
iridium imparts a pinkish to a scarlet color to the salt, depending on the amount 
of iridium i)resent. 

Jf the iridium content is high the metal can he niixod with XaCl, heated to a 
dull red heat in a |)orcelain or silica tube, and iiMjist chloriiui })assed over the 
mixture. Uie iridium will be in the form of a chloride which ilissolves in 
water. After filtering the solution and evaporating with IK’l, the iridium n.s 
well as the platinuio is j)reci])ifated with XIIiCl or II^S. This is a convenient 
W'ay on a larger scale to dissolve osn'iridiiim in ores. I'lie writer has luul good 
results with this o[)eration. 

When the iridium is contaminated with a large amount of impurities, it may 
be reduced from the solution with zinc, and the imjnirities dissolved by UNO* 
and dilute a<iua regia; the residue Ls washed and drh'd as h’idiuni. 

Clean osmiridium grains are also brought into solution by a fusion of KNO3, 
NaNO» or KCIO3 and NaOII or KOII, lea^'ing the iridium as a bluish black 
oxide, Ir203. 

Separations 


Separation of Iridium from Platinum. See Separation of Pt from Ir. 

If the platinum and iridium are alloyed with ten times their weight of silver 
and the alloy dissolved in HXOs, the silver and the platinum dissolves, leaving 
the iridium insoluble. After washitig the residue, treat wdth a small amount 
of dilute aqua regia to dissolve any platinum that may bo present. 

For other separations sec Separations wider Pt and the other metals. 


GRAVIMETRIC METHODS FOR THE DETERMINATION 

OF IRIDIUM 

Iridium is nearly ahvays w'eighed sis the metal. 

1. By Reduction with Zinc 

The solution of iridium or iridium and platinum is tniated >vith C.P. granulated 
zinc and free IICl. The iridium and the platinum arc precipitated as fine 
black metal, '^rhe black metal is w'ushed free from impjirities and the platinum 
is dissolved in dilute uciua regia as described under the Separations. The 
insoluble portion is dried and w'cighcd as iridium. 

2. By Igniting the Salt (NH 4 ) 2 lrClo 

When the iridium content is h)W and the platinum and the iridium are pre- 
cipitated together w'ith NUAT, the iridium imparts a pinkish to a deep-red color 
to the salt, depending oii the amount of iridium present. The ixjrcentage of 
iridium in the salt can bo judged fairly well by comparing with standard iridio- 
platinnin salts. 'Phe salt is filtered, washed with alcohol and carefully ignited 
and weighed as iridio-platinuin sponge metal. The percentage of iridium in 
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the sample can be obtained from the weight of tlie iridium calculated from the 
percentage of iridium in the salt. 


Per cent of Ir found in th<? salt X Wt. <»f iridio — I’t found 

■ \\r ^ , J Ou 

vV t. of satn))l(t taken 


= % of Ir in material. 


When the iridium is in solution from the chlorine method, the solution is 
filtered and concentrated with 11(1 and the iridium ])recipitatod with NII 4 CI. 
The salt (NHdjlK'U is filtered and washed with alcohol and carefidly ignited to 
iridium sponge. Treat with a few drops of ff)rmic acid to reduce any oxide that 
may form or reduce with hydrogen and weigh as metallic iridium. 


Wt. of Tr found 
Wt. of sample taken 


XlOO =pcr cent of Ir in material. 


3. By Obtaining it as a Residue 

The iridium and the platinum, etc., are alloyed with tcni times its weight of 
silver and the alloy dissolved in lIXOj. The residue will be a small aniount of 
platinum, gold, if any ])resent, and iridium. Add a small amount of dilute acpia 
regiu, which will dissolve the gold and the n^st of the platinum, leaving the 
iridium as a black residue. This is filtered, washed and ignited and w'eighed as 
metallic iridium. 


PALLADIUM 


Element, Palladium. Pd. at.wt. 106.7; sp.gr. 11.9; m.p. l.'>49° C.; oxides 

l»d,0, Pd(), FdOj. 

DETECTION 

This metal is also found associated with platinum and iridium as well as 
ruthenium, rhodium, and osmium. It occurs in the metallic state sometimes 
with gold and silver. It resenvbles platinum as to luster and color. Palladium 
sponge when heated slightly gives a rainbow effect due to the fomiation of 
oxides. Hydrogen passed over the sjionge restores it to the original color. It 
dis.solves in HNO 3 and boiling 112 ^ 04 . IKU has little action upon it. It is 
readily soluble in aqua regia, fonning PdCb. 

AlJkalies precipitate a dark-brown precipitate soluble in an excess of the 
reagent. If boiled a brown palladous hydroxide is precipitated. The anhydrous 
oxide is black. 

Ammonia gives a flesh-red precipitate, PdCUNlIs, soluble in excess of 
ammonia. If HCl is added to this solution the yellow compound of pallad- 
ammonium chloride, Pd(NHsCl) 2 , is deposited. 

Mercuric ^anide precipitates a yellowish-white gelatinous precipitate, 
Pd(CN)s, insoluble in dilute acids, but di^lving in ammonia and in potassium 
cyanide to KsPd(CN) 4 . 

Potassium iodide precipitates black palladous iodide, Pdls, insoluble in 
water, alcohol, and ether, but soluble in an excess of the reagent. 
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Hydrogen sulphide precipitates black palladous sulphide, PdS, soluble in 
llCl and a(pia rofria, ))ut insoluble in (NH4)iS. 

Potassium nitrite precipitates a yellow crystalline powder, K2pd(NOj)4. 

Ferrous sulphate slowly produces a black precipitate of metallic palladium 
from the nitrate. 

Animonitun chloride precipitates palladium as (NHO^PdCU from the 
nitrate. 

Formic acid, zinc and iron reduce to metallic palladium. 


ESTIMATION 

Palladium is dctcnnincd in alloy's, ores, jewf'lcrs’ sweeps, etc. 

Preparation and Solution of the Sample 

The solubilily of ]>alladium has been taken uj) undtsr Detection. Palladium 
when alloyed with platinum, or an alloy of platinum, iridium and palladium, 
dissolves with the other m<‘tals in atjua rof^ia as the chloride. When palladium 
is alloyed with silver Ihe palladium and silviu’ arc dissolved in HNOj, from which 
the silver cun be separated. 


Separations 

Separation of Palladium from Platinum and Iridium. The chlorides of 
palliidium, platinum and iridium in solution must be free from UNO,. The 
platinum and the iriilium are jm'cipitated with Nll4(H, leaving the palladium 
in solution. The pn^cipitate is jnit on a filter and wsished free from Pd with 
NIDC’l solution aiul alcohol. 

Separation of Palladium from Silver and Gold. Three times the weight of 
the gold in silver should be present in the alloy in order to separate the silver and 
palladium from the gold. The silve.r and t.hc i)alladiuin will dissolve in HNOs, 
leaving the gold as the residue. This is filten*fl off and the silver may be pre- 
cipil.at(ul with IKU. The silver chloride is filtered off and washed with hot water 
until free from I’d. 


GRAVIMETRIC METHODS FOR THE DETERMINATION 

OF PALLADIUM 

1 . The palladium is precipitated from the solution by granulated zinc, the 
solution hfiving a small amount of free hydrochloric .acid. The residue, after 
the zinc is dissolved, is put on a filter and wtished free from impurities. Ignite 
the filter and dissolve in a small amount of acpia regia and evaporate with addi- 
tions of HNO3 to got rid of the IICl. Dilute with a snuill amount of water and 
precipitate the palladium with NH4Cff crystals. Heat for a few minutes and let 
cool. Filter, wash with alcohol, and ignite. Moisten with foimic acid to 
reduce to metal any oxide that may have formed. Dry and wei^ as metallio 
palladium. 

Wt. of Pd found ^ x .1 

=^ 77 — -z , - , — X 100 =per cent of Pd m materiaL 

Wt. of sample taken 
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2. With tlie solution contaiuiu}; alM)ut ono-fifth the volume of free HCI, the 
palludiuiii is precipitated witli UY/o KI solution. Heat to nearly boiling, filter, 
wash free from iron, etc., with 1 : -1 HCU. Ignite, cool, moisten with formic acid, 
dry and weigh as metallic I’d. 

8 . The filtrate from the platinum precipitation or the solution containing the 
Pd is made to about 1 oO cc., and the Pd is precipitalod by adding a solution of 
diniethylglyoxime (1 gram in o <•«;. IICl). Bring to boiling and let stand over- 
night if conv'enieut. Kilter on a weighed (Sooch crucible and wash with water 
acidified with IK'l, then with alcohol. Pry and weigh as (t’JlMXi() 4 ) 3 P<l, which 
contains 8I.()<S% Pd. 

4. The nitric acid in the palladium solution is expelled by evaporating with 
Ht 8 . Neutralize the chloride .solution almost completely with sodium carbonate 
and mix the sohPion with a solution of mercuric cyanide, llg((!N) 2 , and heat gently 
for some time. Let .stand until cool, overnight if convenient. A yellowish-white 
precipitate of Pd((’N )2 is formed. Killer, wash with Hg((’N )2 solution, ignite 
and reduce in hydrogen to metal, or reduce with formic acid, dry, and weigh 
as metallic Pd. 


RUTHENIUM 

Element, Ruthenium. Hu. at.irt. 101.7$ sp.gr. \‘4; .pm. 3450° C.? oxides 

KuO, Ku.O... KuC>.„ RUO 4 . 

DETECTION 

This ehi.nent is found only in idatinum ores. It is bar<‘ly soluble in aipia 
regia, and insoluble in acid potassium sulphate. It dissolves when fu.sed with KOIl 
and K\ 0 ,i. 'I'lie solution of the fusion when dis.solved in water forms pota.ssium 
rutheniate, K.Bufh, from which IIXO .1 jirecipitates the hydroxide, which is 
soluble in IK’l. The treatment with chlorine and K('l at a high temperature 
yields a salt of K.Hut'le. The salts that are most common are K.Hu(’l» and 
K,RuC 8 ,. 

Potassium hydroxide precipitates a black hydroxide (*asily soluble in HCI. 

Hydrogen sulphide slowly produces black HusSj. 

Ammonium sulphide precipitates brownish black sulphide. 

Metallic zinc precipitates metallic ruthenium, the solution first turning 
blue. 

ESTIMATION 

Ruthenium is generally estimated in alloys and ores or residues. 

Preparation and Solution of the Sample 

When ruthenium is alloyed ivitli platinum or gold, aqua regia dissolves these 
metals, forming the chlorides of platinum, gold and ruthenium. The ruthenium 
in ores is in the form of an alloy with platinum or osmiridium. This is fused with 
KNO 3 and KOH in a silver crucible, the osmium and the ruthenium forming salts 
as described above, while the iridium remains as an oxide. 
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Separations 

Separation of Ruthenium from Platinum. I'ho two inctuls are precipitated 
with K(M and the potassium riitheuiochlorule is dissolved out with cold water 
cuiitaiiiiiif; a very small amount of K(.U and alcohol. The ruthenium is then 
precipitated from an acid solution hy additions of granulated zinc. 

A sepsiration may be made by alloying wil h silver and dissolving the platinum 
and silver by HN()», the ruthenium remaining as the rc'sidue. 

Separation of Ruthenium from Iridium. The two nu^tals are fus(*d with 
KOll and KNOj as (hiscribed abov'e, the ruthenium fonuing a salt soluble in water 
and the iri<lium renmitiiiig as an oxide. 

To the .solution of the two metals, sodium nitrile is added in excc.ss, with 
sutlieient .sodium carbonate to keep the licpiitl ni>utr:il or alkaliin;. The whole 
is boiled until an orange color app(*ars. The rutluMiium and the iridium are 
converted into .soluble double nitrites. Sodium sulphide is then added, small 
quantities at a tinu; until the precipitated ruthenium sulphide is dissolved in the 
e\ce.ss of alkaline sulphide. At first the addition of the sul]>hi<l(‘ gives the char- 
acteristic crimson tint due t<» ruthenium, but this cjuickly disap|K’ars and gives 
a bright cho(;olate-cr>lored precipitate. The .solution is boiled for a few mimiti^s, 
and allowed to become jierfectly cold and then tlilute llt’l cautiously added 
until the di.s.solved ruthenium sulplmle is pivcipilated and the .solution is faintly 
acid. The solution is filtered and the ])recipitate washed with hot water. The 
filtrate will be free from ruthenium.* 

Separation, of Ruthenium from Rhodium. The mixed solution of the two 
metals is treated with potassium nitrite as diiscribed above. The orange-yellow 
solution is evaporated to dryness upon the water bath and treated with absolute 
alcohol. The rhodium remains undi.s.solved and can be filtered off and washed 
with alcohol. The rhodium salt can be ignited with NII4CI and after washing 
yields metallic rhodium. 


GRAVIMETRIC METHODS FOR THE DETERMINATION 

OF RUTHENIUM 

Ruthenium is best weighed as the residue after the other metals ai‘0 elimi- 
nated. It may lie precipitated from the solution with zinc and after filtering, 
washing and igniting the filter the impurities are dissolved in aqua regia. The 
residue is ruthenium. The metals may be alloyed with silver and after dis- 
solving out the silver, platinum and palladium with HNO>, the residue is treated 
with aqua regia, leaving the residue as ruthenium. If iridium is present in the 
residue, weigh as iridium and ruthenium. Make a fusion with KOH and 
KNO3 as described under iridium and filter off the IrsO*. Calculate the weight 
of Ir which is to be subtracted from the weight of the ruthenium and iridium. 
The difference is ruthenium. 

The solution of Ru-jCI* is evaporated to drive off the excess acid and then 
taken up with 50 to GO cc. of water and a few pieces of magnesium added gradually. 
The solution is filtered and the residue washed with a 6% HjSO* solution to get 
rid of any magnesium that may be present. Ignite at the lowe.st possible tem- 
perature, and heat in hydrogen to red heat, cool and weigh as metallic ruthenium. 

^ Select Methods in Chemical Analysis,” Sir. Win. Crookes. 



336 


PLATINUM GROUP 


RHODIUM 


Element, Rhodium. Bh, at.wt. 103.9; sp.gr. 13.1; m.p. 19.'>0° C.; oxides 

BhO, Bh20.<, BhOj. 


DETECTION 

Rhodium is found only in ])lutinuin oros. It is a white metal, difficultly fusible, 
and insolul)le in acuds. lihodiuin, how'over, dissoh-os in aqua regia when alloyed 
with platinum, to a cherry red solution. It is also soluble in molten phosphoric 
acid and dissolves when fused with acud potassium sulphate with tlte formation 
of KsHhCSOds. If the metsil is treated with chlorine in the presence of sodium 
chloride there forms a soluble salt, NaaRhC'U. 

Hydrogen sulphide precipitates from a hot solution and incompletely a 
brown rhodium sulphide, Rh2S3. 

Potassium hydroxide precipitates at first a yellow hydroxide, Rh(OII)34-HjO 
soluble in an excess of the reagent. If boiled, a gelatinous, dark-bniwii hydroxide, 
Rh(OH)a, separates. A solution of NaaRhCI# docs not show this r<*action imme 
diatcly, but the precipitate appears in the course of time. An addition of alcohol 
causes a black hydroxide to bo preciiiitated at once. 

Ammonium hydroxide produces a yellow precipitate of UhCNHa)^!’^ which 
is insoluble in IKM. 

Potassium nitrite precipitates from hot solutions a bright yellow precipi- 
tate of double nitrite of potassium and rhodium. 

Zinc, iron and formic acid precipitate rhodium as a black metal. 

Hydrogen reduces rhodium salts. 

ESTIMATION 

Rhodium is estimated mainly in ores, thermo couples and salts. 

Preparation and Solution of the Sample 

When rhodium is estimated in thenno couples or other alloys of platinum 
and rhodium the wire or sample is rolled to a thin ribbon and dissolved in a(|ua 
regia. Both metals will go into solution, forming the chlori<ics of rhodium and 
platinum. The aqua regia will have to be replaced from time to time, as the 
alloy dissolves slowly. 

The rhodium from salts is precipitated with zinc and the black metallic 
rhodium cleaned with dilute a<iua regia, littered, w'ashcd, ignited and reduced 
with hydrogen. 

Some alloys atid ores are alloyed with silver and the silver and platimnn arc 
dis.solvcd in HNO,. The residue is cleaned with acpia regia, dried, and weighed 
as metallic rhodium. If the residue is ignited reduce with hydrogen. 

Separations 

Separation of Rhodium from Platinum. The alloys of platinum and 
rhodium ( 10 %) dissolve slowly in atjua regia as stated alx)ve. After exixdling 
the HNOt the metals are precipitated with NH4C'l. The precipitate is filtered 
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and washed with dilute ammonium chloride solution, which dissolves the rhodium 
salt. A very small amount of rhodium will color the filtrate pink to a rose-red 
color, depending on the amount of rhodium present. 

Separation of Rhoditun from Iridium. Sec Separation of Rh from Pt. 

A separation can be made by adding sodium nitrite in excess to the solu- 
tion of the two metals, with a sufficient (luantity of sodium carbonate to make 
the solution neutral or alkaline; this is lioiled until the solution assumes a clcjir 
orange color. The rhodium and iridium are converted into soluble double nitrites. 
A solution of sodium sulphide is added in slight excess and the licpiid made slightly 
acid. 'I'ho rhodium is precipita^'nl as dark-brown rhodium sul]>hide. 

Separation of Rhodium from Ruthenium. 'Phe solution containing the two 
metals is trented with .sodium nitrite as above and evaporated to dryness. The 
residue is i)r)wdercd and treated in a fl.'isk with absolute alcohol. After filter- 
ing and washing with alcohol the rhodium remains undissolved. 


GRAVIMETRIC METHODS FOR THE DETERMINATION 

OF RHODIUM 

From the solution of platinum and rhodium, the platiniun is precipitated 
with NII4CU and the i)r<*cij»itate filtered olT and washed free from rhodium with 
dilute ammonium chloritlo solution. The rhodium is i)rccipitated with zinc 
and the residue is washed well with hot water acidulated with H('I. The residue 
is then cleaned with dilute a(|ua regia and the black metallic rhodium is filtered 
off, dried, and weighed as nudallic rhodium. If the filter is ignited reduce in 
hydrogen before w’cighing. 

The alloy may be rnelb'd with lead or silver and the buttons dissolved in 
IIN 0 . 1 , leaving a residue which is treated with acpia regia to dissolve any jdatinum 
that might remain. W'ash and W('igh as metallic rhodium. If iridium is with 
the rhodium the residue is treated with salt and chlorine and the melt dissolved 
in water as described under Iridium. The iridium is precipiteted with NII4CI 
and the rlu>dium with zinc. The rhodium black is chained with dilute aejua 
regia, filtered, washed and ignited. Reduce in hydrogen and weigh as metallic 
rhodium. 


OSMIUM 

Element, Osmium, Oh, at. wt. 100.9; sp.gr. 22.4 1 m.p. 2700° C.7 oxides OsOf 

OSsOa* OsOs, OSO4. 

DETECTION 

Osmium occurs with platinum ores and alloyed with iridium. The chlorides, 
OsCl* and OsCn 4 , combine with the alkali chlorides. Osmium oxidizes easily and 
burns in the flame. Through the action of IINOj, aqua regia or heating in a 
stream of moist chlorine, osrnic tetroxide is formed. Osmium is very volatile 
and the fumes are twisonous. It is detected readily by the odor when heated, 
as the fumes are highly corrosive and disagreeable like chlorine. Chlorine passed 
over hot o.smium mixed with KCl gives K20sCl«, which dissolves in cold water. 



m 


PLATINUM GROUP 


Hydrogen sulphide precipitates brownish ))lack osmium sulphide, OsSi, 
but only in the iiresence of some strong mineral acid. It is insoluble in ammonium 
sulphide. 

Potassium hydroxide precipitates reddish-brown osmium hydroxide. 
Ammonium hydroxide precipitates tlie ostiiium hydroxide. 

Zinc and formic acid jircicipitate black metallic osmium. 

Hydrogen reduces osmium compounds to the metal. 


ESTIMATION 

Osmium is estimated mainly in osmiridiiim and platinum residues. 

Preparation and Solution of the Sample 

After the plalbuim is ext racted the r«‘sidiie or osmiridititii is n>ixed with two 
or three times its weight of comm ui tabh; sail. The mixture is imt in a porce- 
lain or silica tubeaud luialed to a <lull red heat; moist chlorine is then ])assod 
through the tube f »r a short time. The nmss is coohul and dissolved with water. 
After several treat nents the entire group of platinum metals will be in solution. 

The osmiu.u malerial may also be fused with KOII and KNO* and the melt 
dissolvc'd in water. The osmium will be in solution as potassium osmate, Ki0s04, 
while the iridium remains as residue. 

For Separations S(‘e below. 


GRAVIMETRIC METHODS FOR THE DETERMINATION 

OF OSMIUM 

The osmium is very difficult to ascertain on account of the element being 
very volatile. 

The potassium osmate, KjOs()4, solution is jnit in a small retort, and boiled 
with 11 N()», the vapor is conducted into NaOH solution and after acidifying with 
a little IK’lthe osmium can b(j j)recipitated with Na^SjO* as a br«)wn precipitate 
of t)8()4 which is filtered, washed, dried and weighed as the oxide. 

When osmuim is in the form of osmate of sodium th • solution is heated gently 
and strips of alun'inum arc j)lunged in and the osmi im will bn deposited in 
metallic form, while the aluminum dissolves in the soda. Care must bo taken 
not to add too much aluminum, as an alnini late might be precipitated which is 
troublesome. Wlnui the solution is discolore<l the dense precipitated osmium 
is washed by decantation with water to remove the sodium aluminalc*. and then 
with 5 % H4S()4 solution to remove the excess aluminum. The osmium is dried 
in a bell-jar filbwl with hydrogen, then heated to a dull redness and cooled in a 
current of hydrogen. The osmium is weighed as the metal. As a clu*ck the 
osmium may be driven off in the form of OsOj by heating to redness with plenty 
of air, or better, in a current of oxygen ainl weighing again.* 


* “»SnIcct Methods in Chemical Analysis,” Sir Win. Crookes. 
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ANALYSIS OF PLATINUM ORES 

Take 3 to 5 grains of the ore and treat with aijua regia. After diluting, 
the osiniridiuni and ganguo are filtered out, ignited and weighed. The insoluble 
portion is then fused in an a.s.say criieilile with at least twice the weight of 
granulated silver and borax glass. (Ueaii the butlon and treat with dilute llNOj, 
fdter, wash free from silver, ignite and weigh as osniiridium. 

The ac|ua regia solution is evaiK)mted several times with IICl near! .• to 
dryness. Then pass in a current of chlorine for thirty minutes, cool in chlorine 
and evaporate at 10° to a thick ojiste. Dilute with water, getting a clear solution 
of Pt(34, IrC’h, IlhCl.i, Antis, i'd(i 4 , (’uCb and Fetis. Saturate the solution 
with NlbCi and after forty-eight hours filter off the (NlDjFtCie and (NlDdrCU; 
ignite in a ixjreelain crucible, adding crystals of jLsh-free oxalic acid toward the 
end. Dige.st the platinum and iridium sponge with JC f, IKi, filter, ignite, reduce 
in hydrogen, cool in C()» and w<‘igh as ]>latinum and iridium (Hu). In the 
111! rate' from the ))hitimim and iridium, sepamto the palladium with dinu'thyl- 
glvoxiii'e. I'ivaporah! fhe filtrate to dryness and <lestrov (Ih* NH 4 ('I by adding 
eonceiiiratetl llN().i followed l)V concentrafetl IlC’l. Dissolve fhe residue in water 
and add (.NlDjC.Oi and heat from four to six hours till the gohl is reduced; 
add dilute ILSOi, filter and w;i.sh with dilute 11 :.S() 4 , then with dilute IK’l, ignite 
and W(!igh ;i.s gold. IS'eutralize the e\c('.ss acid vith NILOII and preci})itatc any 
[lalladium in a boiling acid solution with diniethylglyoxiire. 

'I'reat the filtrate from the gold and })alladium with fiO grains of pure zinc and 
.')() ec. of concentrated IK'l; after five or .six hours the solution shouhl be color- 
le.ss, otherwise add more HCI. KilftT by suction and wash with dilute HCl, 
tluMi with w.-ifer fill free from acid, <lry the filf(‘r and ignite two or three hours; 
griml this in a glass mortar and digest two hours with lIXOs (1 : 1), fdter and 
wash with water; the residue is rhodium with traces of platinum and iridium. 
ICvaporate tlu; filtrate to dryness repeatedly with IK’l and dotern ine the copper. 

Evaporate the filtrate from the copper to dryness, treating with lIXOs, then 
IK ’1; a<ld water, IK’l and zinc as above; add the ash to the main rhodium jiortiou 
and grind in a glass mortar with acid jiotassium sulidi.ate, KHS() 4 , and fuse in a 
crucilde; the rhodium is converted into a .soluble sulphati;, tin; iri<lium is oxi- 
dized and the ])1atinum remains unaltered. Digest the ii’elt W'ith water and 
dilute IK'l; a metallic residue is platinum or iridium. Filter and wash W’ith very 
dilute IK’l; to the filtrate add zinc to precipitate the rhodium, filler and wash 
with r)% 11-.S(>4 solution, igniU; and let cool. Finally ignite in hydrogen, cool 
in (H).! and weigh. Tin? ins*)luble residue from the KIISO4 fusion is ignited, 
reduced and w'oighed. The platinum and iridium may be sejjarated as described 
before. 

Make up the filtrate from the first zinc reduction to 1 liter and treat HOO cc. 
with llX'Os or lljOa; make two basic acetate precipitations and finally precipi- 
tate at 70° W'ith NH4OH, ignite and weigh as Fe2()s. 

Calculation. 


KK) —per cent sand —A. 

^factor by which ])or cent found is to bo multiplied. 

A 

^ A modification of the Dcville-Dcbray Proceduroi by Wiiridcr and Thuringer. 



340 


PLATINUM GROUP 


ASSAY METHODS OF PLATINUM ORES, ETC. 

T.iko from 10 to 30 grams of the material and i)lace in a 2.j- or 3-in. scorifiei 
with about 20 to 30 grams of test lead and cover with litharge. Fuse in a muflle 
for a half hour. When cool cl(;an the lead button thoroughly and dissolve the 
lead with dilute nitric acid (1 : 3). \\'hen the lead is dissolved, filter, and wash 
the residue with hot water till free from lead. Dry the filter and remove the 
residue t(» a small glass beaker and bum the filter, after which the ash is added 
to the residue in the small glass beaker. This is treated with dilute a(iua 
H'gia to remove any gold, platinum, etc., that may be jmesent. Filter and wash 
thoroughly with hot water and ignite at a low temperature for a short time 
only, as osmium will volatilize. AN’eigh as osmiridium. 

Take atiother portion of 10 to 30 grants of the material and treat with afpia 
regia two or three times. This will bring the i)latinum and the alloys ((ixcept 
osmiridium) into solution. After filtering make uj) the volume to fiflO to 1000 cc., 
deixmding on the amount of jdatinum present. Take two or three ixjrtions of 
25 to 50 ce. of the solution and evaporate to nearly dryness with additions of 
JICll to get rid of the lIN():i. Take up with a .small amount of water and add 
ammonium chloride. Dige.st on the water bath and let cool overnight if co j- 
venumt. Filter onto an ashle.ss filter and wash with dilute ammonium chloride 
solution and alcohol. Ignite cautiously and weigh as platinum. The iridium 
will bo precipitjited with the platinum and weiglujd with the platinum; the 
color of the pure i)latiiuim ])rccipilatH is yelloAv, but the iridium precipitate will 
impart a pink to a (hM‘p red color l.o tin; platinum precipitate, and the ixir cent 
of iridium present can easily be judged by comparing with standard iridio-plati- 
num salts. 

The filtrate from the platinum j)recipitation is tniated with ferrous sulphate 
tr) precii)itate the gold. Digest and filter out the gold. Ignite and alloy with 
silver and part for gold. 

To the filtrate from the gold add an exc(‘.ss of IKll and precipitate the pal- 
ladium with 10% solution of potjussium iodide as described und(jr palladium. 
The palladium can bo taken out before tlie gold by evaporating tin; filtrate from 
the i)latinum precipitation and pn'cipitating the palladium with nitric acid and 
ammonium chloride as descrilx'd und(*r palladium. 

In the filtmto from the i)all{wlium precipitation the rhodium is precipitated 
W’ith zinc until the solution is colorless. Wash wn'll with hot water and clean 
with dilute a(iua regia. If this is done carefully the residue will be clean rhodium 
with probably a trace of iridium. Ignite the n'sidue and reduce in hydrogen 
and weigh as rhodium. 

If ruthenium and the total iridium content are to bo estimated the separations 
are the same os described under these elements. 
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POTASSIUM, SODIUM AND OTHER ALKALIES 

W. B. HrcKs.» 

Sodium, Na, at.wt. 23.00; sp.gr, 0.97:35; m.p. 07.6°; h.p. 877.5° C.; oxides 

Na20, Na^O,. 

Potassium, K, at.wt, ti9.10i sp.gr. 0.975; m.p. 02.5“; b.p. 757,5° C.; oxides 

K,0. K,04. 

Lithium, lA, at.wt. 6.04; sp.gr. 0..534; m.p. 186°; o.p. >1400°C.; oxide LUO. 

Rubidium, lih, at.wt. 95.A5; sp.gr. 1.5:32; m.p. 38.5°; 5.p. 606°C.; oxides 

BbjO. 111)2024 l{ib 2034 Ub 204 . 

Caesium, Cs, at.wt. 132.81; sp.gr. 1.87; m.p. 26.37^’; b.p. 670°C.; oxides 

Cii204 CS2O24 CJS2O3J C/S2O4. 

DETECTION 

Detection of Sodium 

Sodium is usually idontifie*! by tho color which it imparts to the fliimc or by 
means of the specttroscopc;. 'Flu? solulion is i)roparod as directed under Prepara- 
tion and Solution of Sample, and is freed from all constituents other tlian the 
chlorides of inaKiiesium and the alkalies according to the methods given under 
Separations. With exceedingly small amounts of sodium, it may be necessary 
to remove the luagnesium also. After acidifying with hy<lrochloric acid, a drop 
of the solution is l)rought into the flame by means of a loop of platinum wire. 
In the i)rcsenc(i of soclium, tho flame assumes an intense yellow color, which is 
usually sufficient to identify the element. 'I’he result^} may be confirmed by 
examining the flame in the spcctroscoiMj, when tho characteristic yellow sodium 
line will be prominent even in the presence of tra<‘es of s<Klium. As a matter of 
fact, the over-presence of the sodium line is a hindramre to the success of the 
method, but by <)l)serving the sudden change in the intensity of the lino, little 
trouble will be experienced in detecting e.xceedingly small amounts of the metal. 

Sodium may also be dettjcted by pr(;cii)itation as sodium pyroantimonate, 
H 2 Na 2 Sb 207 -ll 20 , from a sufficiently concentrated neutral or weakly alkaline 
solution by means of a solution of acid potassium pyroantimonate. The pre- 
cipitate comes dtmm in granular or crystalline fonu, and its formation is hastened 
by rubbing the sides of the ve.ssel with a glass rod. In making this test, mag- 
nesium must also be previously removed from the solution. 

In waters and soluble salts, it is usually sufficient to test directly the con- 
centrated solution in the flame or spectroscope. 

Detection of Potassium 

For the detection of potassium in insoluble compounds, bring the sample 
into solution by one of the methods given under Preparation and Solution of 

^ Assistant Chemist, U. S. Geological Survey, Washington, D. C. 

341 



342 POTASSIUM, SODIUM AND OTHER ALKALIES 


Sample. In other cases, prepare a strong s<)lution of the material to J>o tested. 
Where only very siiuill amounts of potassium arc j)reseiit, nunovo all the con- 
stituents from the solution except the chlorides of magnesium and the alkalies 
as directed under Separations. In the presence of considerable amounts of 
potassium, small quantities of other constituents will not nmterially interfere 
with the flame and spectroscopic tests. After acidifying with hydrochloric 
acid, bring a drop of the solution to be tested into the non-luminous flame and 
observe the color produced through a Merwin color screen.^ In the presence of 
potassium, a distinct reddish-violet coloration will be app.arent. 1 his must not 
be confused with the color caused by large amounts of sodium, which appears 
bluish-violet through the screen. Comparison with the coloration produced by 
pure salts is advisable. If necessary, confirm the results by examining the flame 
in the spectroscope. In the presence of a modenite amount of a volatile 
potassium compound, a bright rod lino w’ill be readily soon in the red portion of 
the spectrum, and a less distinct violet line will Ikj visible far out in the violet 
rays. 

Potassium may also be identified by various rc’actifms, such as preeii)itation 
from a strong solution, as ]iotassium <‘hloroplatinate, perchlorate, acid tartrate, 
picrato, cobaltie nitrite, silico-fluoride, phosphotungstato, ct(r. These comiKamds 
of potassium arc all sparingly soluble in water while the corres]K)nding sodium 
salts arc readib' soluble. 


Detection of Lithium 

Pring the s:im))lc intr) solution as directed under Preparation and Solution of 
Samj)lo, and .separate the alkali chlorid<*s from other constituc'iits according to 
the methods under Separ.‘iti»ms. Digest the dry chlorides with amyl alcohol 
or with a mixttire of al)s«»lute alcohol ami ether, filter, and ev.‘ip<irate tin* filtrate 
to dryno.ss. Aloisten the r<!.sidue with dilute hydrochloric acid and examii.e 
it in the sfiectro.scope. A bright red band and a faint orange lim; make up the 
flame .spectrum of lithium. I’liest; lie Ixjtw'een t he sodium lim; and the red potas- 
sium line and are easily recognized. 

J^ithium salts imptirt a carmine-red color to the? flame, which is obscunsl by 
sodium, and by large amounts of pot.-ussium. Jfut by the jn-ojK'i* use of a color 
screen, the lithium flame may be recognized in the j)resenco of largo junounts 
of .so<lium. 

(’onfinnation of the ])resenc(; of lithium may In; had by the formation of the 
sparingly soluble lithium ]>ho.sj>hate or lithiuiu fluoride. 

Detection of Rubidium and Caesium 

In the usual course of analysis, the.se rare elements are separated along with 
sodiuiti, potassium, and lithium from all other base.s. In order to detect rubidium 
and ca(‘sium, extract the dry chlorides of the alkali metals with a few drops of 
hydrochloric acid and alcohol. This w'dl dis.solvo most of the rare alkalies 
along with some sodium and pota.s.sium. EA'a])(»r;ito the solution to dryness, 
dissolve in a very small amount of water, and add chloroplatinic acid solution. 
Rubidium, ctu;sium, and potassium chhiroplatinates will be prccipitabid. I'Mltcr 

* The Merwin color screens are nninufuctured and sold by G. M. Flint, 84 Wendell 
Street, Cambridge, Moss., at 25 cents apiece, and arc far su])eriur to the ordinary 
cobalt glass. 
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and wash the residue ve|waiedly with hot water to remove the potassium salt, 
which is much more soluble than rubidium and caesium cliloroplatinates. During 
this treatment, examim; the residue from time to time in the spectroscope. As the 
rubidium and cacjsium salts are concentrated through washing, their spectra 
will gradually become visible. 


ESTIMATION 

The estimation of sodium and potassium is required in the analysis of rocks, 
clays, soils, ashes of plants, waters, brines, saline deposits, salts of the alkalies, 
many technical products, and in other cases. The determination of po tass ium 
is of special importance in the analysis of fertilizers. The estimation of lithium 
is desired in the analysis of lithium minerals, frequently in mineral waters, 
occasionally in rocks, and in certain other special cases. The estuimtion of 
rubidium and caesium is seldom required. 

Preparation and Solution of Sample 

Procedure for Rocks and Other Insoluble Mineral Products. For silicate 
rocks and other silicious material, bring tlie alkalies into solution, according to 
the J. bawrence Smith or the liydrofluoric acid method, as directed on pages .355 
and 35(5. In the case of alunitc prepai'o the solution as directed on page 356. 
For products which are dissolved by liydr(M-hlori<! acid, effect the solution by acid 
digestion, expel the excess of acid by evaporation, and remove other constituents 
as tlircctetl umh'r Separations. 

Procedure for Soils.' I)ig<*st 10 grams of moisture-free soil with 100 cc. of 
hydrochloric acid of a con.staiit lM»iling-point (sp.gr. 1.115) in a .300-cc. Erlen- 
meyer flask fitted with a ground-glass or rubber stopper and a reflux condenser. 
Digc'.st continuously lor ten hours on tin; st(’.’im bath, shaking the flask every 
hour. After setlling, decant tlu! solution into a i)orcclain dish. Wash the 
insolulfle residue onto a lilter with hot watei, and eontinue the washing until 
free from chlorides, adding the washings to the origin.-il solution for evaporation. 
Oxidize the organic matter j)res»'nt in the solution with a few drops of nitric acid 
and evaj)orate to dryin’.ss on .a water bath. Moi.sten with hydrochloric acid and 
di.ssv)lve in hot water and evajiorate a second time to comiiletc dryiusss and 
until the jixeess of }iy<lrochloric acitl is completely removed. Moisten the cooled 
re.sidu(! with strong hydr(K*hloric acid and dis.solve in liot w’attjr. Filter into a 
25()-cc. graduated flask, wash free from chloridt;s, and dilute to the mark. Use an 
alupiot of 100 cc. for the detennin.atnni c»f the alkalie.s. 

Procedure for Fertilizers.® Potash salts. Boil 10 grams of the sample 
with 300 cc. of water for thirtj’- minutes, wash into a .lOO-cc. graduated flask, 
cool, dilute to the mark, n.ix and pass through a dry filter. Dctcnnine the 
pota.ssium in a 25-cc. alupiot represemting 0.5 gram of the original substance, 
according to either the modified chloroidatinate or the Lind«)-CJladding method. 

Mi.ved fcrtiUzei's. Boil 10 grams of the sample with 300 cc. of wat<jr for thirty 
minutes, and wash into a .500-cc. gradu.ated flask. Add to the hot solution a 
slight excess of ammonia and sufficient ammonium ox.alatc to pri'cipitate all the 
lime, co<j1, dilute to the msirk, mix, jind jiass through a dry filter. Evaporate 

‘ U. S. Dept. Agr., Bu. of Chein., Bull. 107 (revised), 14, 1907. 

* U. S. Dept. Agri., Bu. Clieui. Bull. 107 (revised), 11, 1907. 
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50 cc. of the filtrate to dryness and ignite gently to remove ammonium salts. 
Dissolve in water, filter, and determine the j)ota.ssium according to the modified 
chlorplatinate ^ or the Lindo-Oladding method. 

Organic comptninds. When it is desired to determine the total pota.sh in 
organic substances such as cottonseed meal, tobacco stems, etc., saturate 10 grams 
with strong sulphuric aci<l, and ignite in a luuflle at low red heat to tlestroy 
organic matter. Add a little strong hydrochloric acid, warm slightly to loosen 
the ma.ss fronv the dish, dissolve in water, filter, and determine the pot.assium 
according to the modified chloroplatinate or the Lindi>f.}ladding method. 

If for any rc'ason it is desired to use cither the chloroplatinate or the pen^hlorate 
method in the determination of potassium, interfering substances, including 
sulphates, must first bo removed from the solution. 

Procedure for Ashes of Plants, lloil 20 grams of the sample with 300 cc. 
of water for thirty minutes, filtc'r into a 500-cc. flask, and wash the residue thor- 
oughly with hot water. C^ool, dilute to the mark and mix. Take alitpiots for 
the d(!tcrmination of the alkalies. I'lio .solution may .also be j)reparod by diges- 
tion with hydrochloric acid.® 'riiis treatment is prof»*n»ble when all the constit- 
uents of the ash are to bo determined. 

Procedure for Saline Residues, Soluble Salts, Brines, etc. In the case 
of water-soluble products, the convenience of the analyst usu.ally determines 
the manner of j)reparing the solution, l^sually it is preh’rable to weigh out a 
convenient p<irtion, to make up the solution to definite volume, and to take an 
alicpiot for each determination. As a general rule, a sample should be t.aken 
sufficient to give about a half gram of solids. Strong brines should be weighed 
and not measured. 


SEPARATIONS 

Separation of the Alkali Metals from other Constituents 

Separation from the Hydrogen Sulphide and Ammonium Sulphide 

Groups of Metals 

The alkali metals are usually weighed as chlorides or sulphates, and in gen- 
eral before undertaking their detennination, all other bases and acids must first 
bo separated from them. The hydrogen sulphide and the ammonium sulphide 
groups of metals are seldom to be found in stdutions in which the determination 
of the alkalies is desired. If these are present, however, they m.ay be readily 
precipitated by means of hydi-ogen sulphide and ammonium sulphide as detailed 
on pages 142 and 254. 


^Separation from Silica 

m - 

Acidify the solution with hydrochloric acid and evaporate it in a ])latinum 
or porcelain dish on the water bath until the odor of hydrochloric acid in the 
dry residue can no longer be detected. Break up the dry mass with a platinum 
or glass rod, cool, moisten with a minimum amount of concentrated hydrochloric 

\ If this method is used, it will not be absolutely necessary to remove the calcium by 
addition of ammonia and amonium oxalate. 

® Lunge, “Technical Methods of Analysis,” 2, 456, 1911. D. Van Nostrand Co., 
New York. 
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acid, diss<)lv(5 in a small quantity of water, filter and wash tin; residue free 
from ehlorid(‘s. In the jircsenee of much silica, repeat the oixjration. 

Separation from Iron, Aluminum, Chromium, Titanium, Uranium, 

Phosphoric Acid, etc. 

If phosphoric, acid is present in amounts insuflicient to comhine with all the 
iron, alumina, etc., or is absent altogether, heat the solution to lioiling, add a few 
drops of nitric acid to o.xidize the iron, add gradually an (>xcess of ammonia, 
boil for a m-inute or so, allow the precijiitate to settle, and filter. A\'ash the pre- 
cipitate free from chlorides with hot water. 

If plio.sphorie acid is present in the solution in e.xcess of that recjuired to 
combine with the iron, alumina, etc., heat the solution to iMiiling, oxidize wdth 
nitric acid, add a sliglit e.xcess of ferric chloride solution, and precipitate with 
ammonia as descrilied above. 

When the precipitate is considerable, it should be dissolveil in hydrochloric 
acid, and the precipitation reiwated. 

If chromates are present, these must first be reduced to the chromic salt. For 
this purjio.se, add 10 to 1.5 cc. of hydrochloric acid and a small amount of alcohol 
to the solid ion and heat on the water bath or hot plate for a few minutes. Heat 
to Ixiiling and precipitate with ammonia as directed above. The reduction 
n.ay also be done by boiling with suljihurous acid. 

Separation from Sulphates 

Precipitate the .sulphate radical as liaSO^ by the addition of a slight excess 
of barium chloride to the hot solution as directed on page 395 for the deter- 
mination of 8 O 4 . Kemovc the excess of barium chloride by addition of ammonia 
and ammonium carbonate. 

The tw'o operations may be combined as follows: Add a slight excess of bar- 
ium chloride to the hot soluti;)n and Ixiil for a few minutes. Then, without 
filtering off the llaS 04 , add an cxce.ss of ammonia and ammonium carbonate, 
allow the precipitate to settle, filter, and wash free from chlorides. 

Separation from Barium, Calcium and Strontium 

To the not too concentrated solution, add a slight excess of ammonia and 
ammonium carbonate, heat to boiling, allow the precipitate to settle, filter and 
wash the residue a few times with hot water. Dissolve the precipitate, which 
is likely to contain small amounts of the alkalies, in a little dilute hydrochloric 
acid, and repeat the precipitation with aimnonia and ammonium carbonate. 
Filter and wash the residue. Evaporate the combined filtrates to dryness in a 
platinum or porcelain dish and ignite cautiously at a very faint red heat to 
remove ammonium salts. Dissolve the residue in a little water, add a few dro})s 
of ammonia, ammonium carbonate, and aimuonimn oxalate, and allow to stand 
for several hours in order to precipitate the last traces of the alkaline earths 
Filter and wash the residue free from chlorides. 
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Separation from Iron, Aluminum, Chrominum, Barium, Calcium, Strontium, 
Phosphates, Sulphates, etc., in One Operation 

To the hot solution tidd a slight excess of barium eldorido and boil for a hnv 
minutes. Then, without filtering off the liaSOi, add an excess <jf aiiiiuonia and 
anunoniiim carbonate, heat to boiling, .ind allow Ihn pre<*ii)itate to settle, lilter 
and wash free from chlorides wilh hot wafer. After evaporating the filtrate to 
dry7ie.ss, removing the ammonium salts by ignition, and dissolving the residue 
in a little water, ])recipitate the last traces of i)ariuni and calcium by addition ol 
a few drops of ammonia, ammonium carbonate', and aminoniuni oxalat.e. Hy this 
procedure a small ])orlion of tlie alkalies is retained by the precipitate and lost. 

Separation from Boric Acid 

Acidify the solution strongly with hydrochhu'ic acid and evaporate; to dry- 
ness. Stir up the residue with lo te) 20 c.c. e)f pure methyl alceihed and e'au- 
tiemsly evajMirate on a wate*r bath at Ju>t teee; high a te'inperature. Meeisten the 
residue with a dre)p e)r twe) e»f ce)ncent rated hydre)e‘hle»ric ae-id, aeld lo cc. of methyl 
alcolml, and again take te» diyne\ss. Ite|)e'at the evapeeration with methyl ale‘e)he)l 
a thinl time. This should be ample fen- the; ceanpleto removal of half a gram 
of BiOg. 

Separation from Magnesium 

Mercuric Oxide Method.* After venun'ing ettlu'r bases and ae'iels, evtip- 
orate the; setlutieeii eef the; e-hleiriiles te> dryne'.ss, e'xpel :imnie)nium e'hletriele; by 
gentle ignitiem, anel elisseilve; the re'sielue' ■ e'xe-e'pt for the small aimumt eif mag- 
nesium eexide ])r('sent— by warming with a little Avater. Aeld an e>xcess of mer- 
curic etxiele in the femu eef a thin paste prepareel by shaking up fre'shly javciiH- 
tate'd mere'urie' eexiele; in AA'aleT. IxAapeerate' the; mixture* te; e'e)mi)le*te; dryne'.ss on 
the AA'ate'r bath A\ith fre*eine*nt stirring, dry thoremghly anel ignite; ge>ntly at first 
anel then me)re stre)ngly imtil all the; nwre-uric chloriele* jirese'iit has bee'ii ve)latilized. 
(He care'ful imt te» inhale* the* funu's.) 'I'he; Avheele; e>f (he unchange'el me*re'urie; ee.viele; 
iK'ed neit be expelle*el by ignition. Dige'st the; re'sielne*, e'enupetse'el of the exce'.ss of 
mercurie* eexiele, the* pre'e'ipitati'd magiu'sium eexiele*, anel the alkali chleiride's, Avith 
a small amemnt e)f he)t Avater, filter rai)ully, anel Avash Avith successiA'e ])e)r(.iems 
of he)t AA'ate’r, first by decantatiem anel the'u e>n the* filte’r, but eh) met preelemg the 
operatieen unne’e’e'ssarily. If ele'sire'el, eh'termine; the; m:igne*siiim in the residue by 
expelling the mercurie- eexido by ignitiem anel A\eighing the magne'smm e»xifle. 
Acielify the filtrate*, Avhich cemtains the; alk:die*s, Avith hyelre)chlorie; aciel, en-apeirate 
to dryne.ss, gently ignite, ce)e>l anel A\e>igh. If the* re*.sielue; cemtaiihs a small 
amemnt e)f magno.sium, as it usually ehees, ele*te*rmine the; magnesium in an aliepieit 
and apply the* neciNssary correclie)n. 'riie nie-rcurie eexide should be tested for 
alkalie's by veelatilizing a pe)rtie)n anel te'sling the; re'.siclue. 

The Barium Hydroxide Method.' I-b-aiieirate; the seelutiem, AA'hich may con- 
tain ehleirides, suljihate's eir nitrates, tei elryness anel gently ignite te) remove 
ammonium salts. Warm the re'sielue Avith a small amount e)f Avate*r and treat 
the he)t neutral solutie)n so obtaineel Avith baryta Avater until ne) me)re proeipitate 
is fe)nued and barium hydre)xide re*inains in slight excess. Be)il, filter and A\'ash 

* Fresenius, “ Quantitatu’c Chemical Anah'sis,” 1, 010, 1908, John Wiley & Sons. 
New York. 
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the ])i'e(*i|)it:ito \vitli h»)t wil('r. If dosirod, detormiiie llie in.‘iKn('.siun\ in fho 
rosi<iue. 'I’rojit the filtrate, vliieh contains the alkalies, harinin and a trace 
of magnesium, with an i'x<'ess of annuonia and aiunioniinn eaiTxmate to rein.ove 
the barium. Acidify tlie filtrate with hydrochloric acid and eYa|)orate to dry- 
nes.s, ignit(! and W(‘it!,h. 'I his r(*siduo will contain a small ateount of magnesium 
which jnay Ix) dfdcnuined in an ali(|iiot and a correction applied. 

Remark. Tin; bariiiiii hydroxide nudhod is ai)[)IicaI)]o in the ])resence of 
lithium. 

The Ammonium Phosphate Method.' To tlu; hot solution, add an exc(>ss of 
ammoni.a and .‘immonium chlorich*, .and precipital(i the magnesium by adding a 
slight exee.ss of ammonium phosphate. Allow the mixture to stand an liour 
or so, litt(;r and wash the residm; with 2' i {.mmonia .solution. Kxpel most of the 
free ammonia from the lilfrate by evaporation, acidify very slightly with hydro- 
chloric acid, and add an exci'ss of ferric chloride solution, which should color 
the solution slightly yellow, Xeutrc.lize the .solution with ammonium carbonate, 
heat to boiling, and filter off the basic f<*rric phosphate, washing the residue with 
hot water. Mvaiiorate the filtrate to dryness, ignite to expel an moniiuu sails, 
and detennine the alk.alies in the residue. M.agnesium may Jil.so be .sepjirated by 
precipitation as maguesinm ammonium ar-senate ^ or ii'agnesium ummoiiium 
carbonate.^ 

Separation of the Alkali Metals from One Another 


Separation of Sodium from Potassium 

After weighing llie sodiu n .ami polassium fogetlier .as chlorides, di.ssolve tlie 
residue in w.afer and precipil.afe tim {lotassiiim as cliioropl.af inate or perchlorate 
.according f.o one of I he mefln)ds def.aihal iimh'r I )<*lermination of Pota.ssium. 


Separation of Lithium from Sodium and Potassium 

T']xti*act tlie dry chlorides with .a nyl .alcohol as presi-ribi'd under the Cooch 
method, or with alcoliol .satnr.at<‘d with hydrochloric acid gas as detailed under 
the Hammolsberg m<*1hod. 

Separation of Lithium and Sodium from Potassium, Rubidium, and Caesium 

Precipitate the potassium, rubidium, and eae.sium as ehloroplatinates as 
de.scribed under the chloroplatinate method for the i'stini<ation of potassium. 
Evaporate the filtrate to dryness and ignite gently with a little oxalic acid to 
reduce the platinum, or else di.ssolve tlie residue in water and p.ass a current of 
hydrogen througli the hoi solution to reduce the platinum. In any ea.se, filter 
off the redueeil iilatinum and determine lithium and sodium in the filtrate. 

' Fresenius, oj). cit. 

* Browning aiwl Drushcl, Am. J. Sci. (4), 23, 293, 1907. 
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METHODS FOR DETERMINATION OF SODIUM 
Determination as Sodium Chloride 

Sodium is commonly weighed ns NsvCU when it is nlrendy present as such or 
after conversion of other forms into the chloride. In the case of salts of volatile 
acids, such as nitrates for instance, the transfornuition is made by evaporating 
the solution to dryness with hydrochlori<‘ acid repeatedly or until only the chloride 
remains. When the sodium is present as a salt of a non-volatile acid, the latter 
is removed and the transformation elTected acconling to the methods under 
Hcparations. 

Usually the solution in wliich sodium chhtrwle is b) be determined will con- 
tain ammonium salts from some pnwious operation. In sueli eases, proceed as 
follow's: KvaiK)rale the .sodium chloride .solution, which must contain no other 
non-volatile substance, in a platinum tlish to con’plete dryness on the water bath. 
Cover the dish with a watch-gl.ass, and cautiously diy the residue in an air bath 
at 110 to 1510° (5. Make sure that no loss of sodium chloride is sustained by 
decrepitation during drying and .subse<|uent ignition. Heat the dish and contents 
over a free flame held in the hand and ip.oved back and f«>rth under the dish in 
order to remove ammonium salts. Hut to avoid loss of sodium chloride by 
volatilization, take care not to Inwit the di.sh to norc than a faint redness in any 
one siK>t and not to raise the temptjnvture of the salt above incipient fusion, (*ool 
the rcjsi<lue, tlissolve it in a little wat(*r, and filler from the earboimceous matter 
into u w<MglH!d platinum di.sh. Acidify the filtnite with hydrochloric acid and 
evaporate it to dryness on the water bath. Dry liu! residue at KM) to l;i()° (5. in 
an air bath, ignite cauti<msly over a free flanw^, taking tin? pnM-autions mentioned 
above to iirovcnt loas of .sodium chloride, cool in a dc'siec’ator, :md weigh. 

Determination as Sodium Sulphate 

Sodium is often detennined by weighing as NaiS ()4 when it is pre.seiit as such 
or after conversion of other foniis into the sul])hate. In tlie case of salts of vola- 
tile acids, the change into the sulphate is made by simply evaporating th<! solu- 
tion with a slight excess of sulphuric acid. With salts of non-volatil<; acids, the 
transfornuition is effected according to the methods und<!r Separations. When 
the sodium is present as an organic salt, the substance is moistemed with con- 
centrated sulphuric acid and carefully heated over a free flame until fumes cease 
to come off. The residue is dissolved in water and filt<!rc<l from tlie carbonaceous 
matter. 

As a rule the solution in which sodium sulphate is to be determined will con- 
tain an excess of sulphuric acid. In such cases, evaix)rate the solution to dryness 
in a weighed platinum dish, and cautiously ignite the dry residue until fumes 
cease to come off. Cool, add a lump of iunmonium carbonate to the contents of 
the dish, and ignite a second time at dull red heat until no more fumes are given 
off. Cool in a desiccator and weigh as Na 8 S 04 . Ileix^at the ignition with the 
addition of ammonium carbonate until a constant weight is obtained. 

In case an excess of sulphuric acid is not present, evaiM»rate the solution to 
dryness in a weighed platinum dish, ignite, cool in a desiccator and weigh as 
Na^SO*. 
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Determination by Difference 

Ordinarily sodium and potassium arc weiRlied together as chlorides or sul- 
phates as detailed above for soditinx. Potassium is then determined by one of 
the methods given below, and the value for sodium obtained by difference. 


METHODS FOR DETERMINATION OF POTASSIUM 
Determination as Potassium Chloride or Potassium Sulphate 

Potassium may be weighed as chloride or sulphate. I'Ik; procedure is the same 
as that described for sodium. Observe, houuver, that thc! ])otassium suits are a 
little more volatile than the corresponding sodium salts, so that greater care 
must bo taken not to lose i>ofassium by A’olatilization. 

The Chloroplatinate Method 

Application. This method is applicable in the j)res(*ncc of thc chlorides of 
sodium, lithiiun, magnesium, calcium, .and strontium. 

Principle. Potsissium chloroplatinate is practictilly insoluble in strong alcohol 
while the other chloroplatinatcs are re.adily soluble. 

Procedure. Treat the aqueous s<»lutiou of the alkali chlorides contained 
in a small porcelain dish with slightly more th.an eiioiiglx chlorojdatinic acid to 
convert all the chlorides present into thc corresponding ohloroplatiiuites. The 
chloroplat inic acid solutixm should contain tlui ecjuivnlent of 1 gram of jdatinum 
in each 10 cc.i Evaponate the solution on the steam bath to a syrupy consistency, 
i.c., until solidification occurs on cooling. Flood the cooh*d residue with a small 
quantity of alcohol of at least 80% strength, grind thoroughly with a pestle made 
by eidarging the end of a glass rod. and allow to stand one-half hour. Pour the 
licpiid through a previously weighed (Jooch crucible couiaining an asliestos mat, 
and liefore adding more ahaihol, rub up the ri’sidiie again with tlie glass p<^stlo. 
Now continue the washing by decantation with snuall portions of alcohol until 
the WJish li<i[uid be,c<)n’e.s colorless. Transfer the precipitate to thc crucible and 
wash two or throe times with ah’obol. Dry at 1.30® C\, cool in .a desiccator, and 
•weigh. Keiieat the drying until a constant weight is obtained. Multiply thc 
weight of KaPtCle by 0.161 to obhiin the weight of K; by 0.15)4 to obtain KjO; 
and by 0..307 to obtain T\C3. 

Remarks. This method is considered to be thc most accurate known for 
the (‘stimation of potassium. Care should bo taken not to conduct the evapora- 
tion at too high a temperature nor let it go too far, as this may cause the fonna- 
tion of anhydrous sodium ehloroplatin.ate, which dissolves slowly in alcohol. 
Too large a volume of alcohol for washing should bo avoided, as K*P1C3« is 
slightly soluble in alcohol, especially that of 80%. For tins reason 95% alcohol 
is preferable for the washing. 

Instead of using a Gooch crucible, the iirccipitate may be filtered on paper, 
dried, washed through the filter with hot water into a weighed platinum dish, 
evaporated to dryness, and heated at 130° Cb to constant weight. 

* For methods of ])reparing chloroplatinic acid from scraji ])latinum and from plati- 
num residues, see Precht, Z. Anal. Chem., 18, 609, 1879; Vogtd and Haefeko, I..andw. 
Vers. .Sta., 47, 134, 1896. 
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The Modified Chloroplatinate Method ' 

Application. Tho luothod is np|>licHl>l(! iti tlu; pnisotion of rhloridcs, sul- 
phates, j)hosphatcs, nitrates, carbonates, borates and silicates, salts of sodiuip., 
bariuTu, caleiuni, strontium, maf!;ucsiuiu, iron and alumina, and is esjiecially 
suited for the estin\ation of potassium in salines, ])otassium salts, and fertilizers 
ill which only the potassium is desired. 

Principle. On evaporating a solution containing potassium with a slight 
excess of chloro])latinic acid, tho potassium is completely transformed into 
potassium chloroplatinate which is insoluble in strong alcohol, while any of the 
other chloroplatinatos which nmy l)e fomxcd are either dissolved or decomposed by 
alcohol, so that tho excess of ehloroplatinic acid may he readily removed. After 
dissolving the KjPtCle ahmg with any other soluble salts contaiued in tho residue 
in hot water, the iilatinum is precipitated frtmi the solution by nuignesium, and 
frojti the weight of ])latinum so obtained, the amount of ]>o1a8sium ])resont is 
caleulaicd. 

Procedure. To the solution slightly acidifieil with hydrochUiric acid, add 
chloro]xlatini(; acid solution slightly in excess of that nc'cessary for the complete 
preci])itation of the p<*tassium present and eva|)orate the solution on tho steam 
bath to a syrupy consistency, i.e., until solidification f)ccurs on cooling. Klood 
the cooled residue with a small (luantity of alc«)hol of at least <S()Vf; strength, grind 
thoroughly with a ijcstle made by enlarging the end j)f a glass rod, and allow to 
stand one-half hour. Tho alcoholic solution should bo colored if an exe(*ss of 
ehloroplatinic .acid h;xs been used. Pour the li(|uid through a small filter, using 
suction if desired, and before adding more? alcohol, rub uj) the residue again with the 
pestle. Now eontinuc the w.ashing by decantation witli small jxortions of alcohol 
until the wash liejuid Ix'comes e«)lorl<*ss. Three or four washings usually suffice. 
Transfer the ])r(‘ci|)itate to tho filt<‘r and w:ish two or three times with .alcohol. 

Diss«dve tlie precipitate of KjPt(’lo along with any other soluble salts present 
in hot w.ater, w.ashing it through the filter info a beaker of conv(*uieiit size. To 
the hot solution add al)out 1 cc. of coiicamt rated IH’l and apjxroximately 0..') 
gram nuagnesiuiu ribbon pressed int«» the fonu of a ball for every 0.2 gram pf)fas- 
sium iwescmf, stirring the solution and holding tho magnesium at the bottom of 
the beaker by nw'ans of a glass rod. When the aclion has practically C(!ased, add 
a f(*w cc. of hydrochloric acid and alloAV the fliiocculent plalimuti to settle, ])ref- 
crably by allowing tho beaker to set for an hour on the hot ])la((!. Tho sup(!r- 
mit.ant licpiid shoukl bo perfectly clear and limj)id like water if reduction is com- 
plete. To make sure, add more magnesium, in whieh case the solution will darken 
if rcduct ion bo incomplete. 'Po tho completely reduced solution, add concent rjited 
hj'drochloric acid, and boil to dissolve any Ixasic sails, filter on p,aper f)r a ( Jooeh, 
wash thoroughly v ith hot w.afc'r, ignite in platinum or i)orcelain and weigh. Mul- 
tiply tho wt'ight of tho platinum so obtained by 0. 1(K)() to obt.ain tho weight 
of K; by 0.4S2«) to obtain KjO; and by 0.7(i.4t) to obtain KCl. 

Remarks. If the solution contains veiy largo junounts of iron, alumina, 
or silica, it is ixu-ferablc to remove tlm gre.aler jKirt of these before ])i’oceeding to 
tho determination of j>otas.sium. Care* should Ixi taken to insure the complete 
removal of the soluble chloro])latinates from the; residue without the use of an 

^ Hicks, J. Ind. Rng. (‘hem., 6, C.'iO, 1913. A good bibliography on reduction 
methods is contained in this article. 
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excessive aiuf>uiit ol alcohol, and also that the suhsecjuoiit reduction of the potas- 
sium chloroplatinat(i with maf;nesiuiu l)e coiuj^leto. 

Lindo-Gladding Method ^ 

Application. This method is applicable in the presence of chlorides, sul- 
phiites, and jdiosphatcs of the alkalies and magnesium. 

Principle. The potassium is precipitated as K^PtCU, and the soluble chloro- 
platiuates removed by washing with 80 % alcohol. The impurities in the precip- 
itate are then washed out by a strong solution of ammonium chloride saturated 
with K*PtCl«, and the wash solution is removed by again washing with alcohol. 
The purified K-PtCU is finally dried and weighed. 

Procedure. To the solution, slightly acidifi.'id with hydrochloric acid, add 
an excess of chloroplatinic acid solution, and evaporate on the water bath to a thick 
paste. Treat the residue with 80% alcohol, avoiding the absorption of anunonia. 
Wash the precipitate thoroughly with 80% alcf)hoi i)oth by dc'cantiition and on 
the filter, continuing the Wiishing after the filtrate is colorless. Wsish finally 
with 10 cc. of ammonium chlorkle solution i>r('i)ared as follows: Dissolve KX) 
grains of jnirc ammonium chloride in .'>00 cc. of wat(*r, add from .'> to 10 grams of 
potassium chloroplatiiuite, and sh.ike at inteivals of six to eight hours. Allow 
the mixture to settle over night and filler. Repc'at the washing with succe,ssivc 
portions of the ammonium chloride solution five or six times in order to remove 
the ini])urities from the precijiitate. W.ash again thoroughly with 80% alcohol, 
dry for thirty minutes at 100° (\ and weigli as KsPtCl*. 'Phe precipitate should 
1)0 iierfectly soluble in water. Multi])!}' the weight of KoPtt'h by 0.1 (il to obtain 
the weight of K; by 0.1 Of to obtain ILO; and by 0.307 to obtain KOI. 


The Perchlorate Method ^ 


Application. This method is ap|)licabln in tlie presence of chlorides and 
nitrates of barium, calcium, magm’siiim anil the alkali metals, and also in the 
presence of phosjihates. Suli)ha(es should not be |)resent. 

Principle. 'Phe separation depends on the insoluI)ilitv of pota.ssium perchlor- 
ate, and the solubility of sodium and other perchlorati .s in 97% aclohol. 

Procedure. To the neutral or slightly acidified s.<lution, add twice as much 
perchloric acid® as is required to convert all the ba.scs present into perchlorates 
and eva|)oratc on the water bath with stirring to a syrupy consistency. Add a 
little hot water and eonfinue the eva|)oration with constant stirring until all the 
hydrochlorio acid is expelled and heavy fumes of ]M‘rchloric acid are given olT. If 
necessary, rej)lace the ]X!rchloric acid lost by volatilization. Stir up the cooled 
mass thoroughly with 2t) cc. of 97% alcohol to which 0.2% perchloric acid has 
been added, but avoid breaking up the ix)tassium [)erchlorate crystals too finely 
or else they may pass through the filter. Allow the mixture to settle, and decant 
the alcohol off through a ({ooch crucible. Wash several times with wash-alcohol, 
and transfer the precipitate to the filter. Wash with .*>0 to 75 ec. of ])ure 97% 
alcohol, dry at 1.30° (\, and weigh. Multiply the weight of KCIO4 by 0.2825 to 
obtain the Aveight of K; by 0.3402 to obtain KA); and by 0..')382 to obtain KCl. 


‘U. S. De])t. Agri., Bu. Chein. Bull. 107 (revised), 11, 1907. 

Wetise, Zeit. Angew. Chem., 091, 1891; 233, 1892. f-aspari, Zeit. Angew, (3icm., 
fiS, 1893. 

® I'or the i)reparation of ])erchloric acid sec Willard, .1. Am. Chem. See., 34, 1480, 
1912; Kreider, Am. J. 8cj., (3), 49, 443, 189.'}. 3. Anorg. Chem., 9, 312, 1895. 
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Other Methods 

Among the more important of other methods which have been proposed 
and used for the detenninatiou of potassium, may be mentioned tiie cobaitinitrite 
method,' which has l)cen studied by tlm Association of Official Agricultural Chem- 
ists and considered to be unreliable; * the biturtratc method; ® the eolurimetric 
method; ♦ and the spectroscopic method. ‘ 


Determination of Sodium and Potassium by Indirect Method 

After removing all other constituents, weigh the sodium aiul iK)tassium as chlor- 
ides. I)iss<»lvu the weighed resi<lue in water and determine the chlorine gravi- 
metrically by precipitation ns Ag(M or volumetricnlly by titration with standard 
silver nitrate (potassium chromate indicator). From the weight of the combined 
salts and the wtiight of the chlorine, c.ilculnb; the amount of sodium and potas- 
sium as follows: 

Let X = weight of NaCI+KfU’ 

7/ — weight of (M. 

Then Na == :i.(K)4.v - 1 . 12." x ; 

K =2.42S.r- 

The method is satisfactory when sodium and potassium are present in almut 
equal ciuantities. 


Determination of Magnesium, Sodium and Potassium in the 

Presence of One Another 


In the usual cour.se of analysis, magnesium, sodium aiid potassium are sepa- 
rated as chlorides from all other coiustituents. Instead of going through the 
tedious process of separating the magnesium from the alkalies, the magnesium, 
sodium, and potassium may be accurately detennined in the presence of each 
other ivs follows: 

Treat the solution containing these constituents with slightly more than 
enough sulphuric acid to convert all three bases into sulphates, evaporate it to 
dr 3 rncss on the water bath, and ignite gently at first and then at dull red heat to 
break up bisulphatcs and expel the excess of sulphuric acid. To hasten the 
decomposition of the bisulphates, cool, add a lump of ammonium carbonate, 
and heat a second time. Cool in a desiccator and weigh. Repeat the heating 
with the addition of ammonium carbonate until a constant weight is obtained. 
Dissolve the residue in water and dilute to definite volume. Determine the 
potassium in one portion according to one of the methods described above, and 
the magnesium in a second portion as described on page 256. Deduct the 
weight of magnesium and potassium sulphates from the weight of the combined 
sulphates to obtain the amount of sodium sulphate. 



< Cameron and Failyer, J. Am. Chem. Soc., 26, 1063, 1903; HiU, J. Am. Chem. Soc.. 
26 , 990, 1903. ' 

• Gooch and Hart, Am. J. Sci. (3), 24, 448, 189^<. 
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METHODS FOR DETERMINATION OF LITHIUM 
Determination as Lithium Chloride 

Lithium may be weighed fis TiiCl. The proeeduns is practically the same 
as that described for sodium, but since lithium chloride is very hygroscopic, this 
salt must be weighed out of contact with the air. Kor this purpose the lithium 
chloride is ignit(‘«l in a platinum crucible, cooled in desiccator, and the crucible 
and contents weighed in a glass-stoppered weighing botth'. 

Determination as Lithium Sulphate 

Lithium is woigh(‘d jireferably as LiiS() 4 . Tiie procedure is the same as that 
described for sodium, but since* lithium bistdphu'ic is easily bn»ken up on heating, 
it is not uece!ssary to ignite; with ammemium carbeinate. 


The Gooch Method * 

Principle. Lithium chleiriele is re*adily .sedubl!* in amyl alemhol, while sodium 
and pedassium chlorieles are ne)t. 

Procedure. Ce)nce'ntratn the se>lutie)n as far as pe)ssible by ovape)ration, 
transfer it te; a TiO-cc. Mrle'nmeyer flask, aelel a small amemiit e)f amyl alcohol and 
he*at cautiejusly env .an asliesteis ])late until the wate*r has be;e*n expelled and the IkuI- 
ing-pe)int of the se)lufie)n rises te» about that e)f pure amyl alcedied (182° C.). 
To prevent bumi)ing eluring this treatnu'nt, pass a current e,f dr>'^ air through the 
se)lution. When all the water has b{*en remove'el, the seKlium and potassium 
chle)rides, together with semie LiOII will S(*j)ara1.i; frerm the solution. Decant the 
solution through a filter and wash the residue sev(*ral times with hot amyl 
alcohol. Moisten the residue with dilute hydrochloric acid, dissolve in a little 
water atid r(;ix!at the extraction with amyl alcohol. If much lithium chloride 
is prp.sent, it will be neccs.sarj'' to repeat the extraction with amyl alcohol three or 
four times. Evaporate the combined filtrates and washings to dryness and dis- 
solve in a little dilute sulphuric acid. Filt(;r from the carbonaceous matter into 
a weighed platinum dish, evaporate to dryness, and remove the excess of sulphuric 
acid by gentle heating. Ignite the residue at dull redness, cool in a desiccator, 
and weigh as Li 2 B 04 . 

Remarks. For very accurate work, account must be taken of the fact that 
the lithium sulphate obtained according to the procedure just described always 
contains small amounts of potassium and sodium sulphates, if these metals 
were originally present. To correct for this, deduct 0.00041 gram for every 10 cc. 
of the filtrate exclusive of the washings in case only sodium chloride was present, 
or 0.00051 if only potassium chloride was present, and 0.00092 if both sodium and 
potassium chlorides were present. 

1 Proc. Am. Acad. Arts. Sci., 22 (N. S. 14), 177, 1886. 
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The Rammelsberg Method ^ 

Principle. Anhydrous lithium c'hloridcj is soluble in equal parts of alcohol 
and ether which have been saturali'd with hydrocbiori<i acid gas, while the 
chlorid(‘S of sodium and potassium are pmctically insoluble in this mixture. 

Procedure. Kv'aporate the scilution of tiu* chlori»l(‘s to dryness in a small 
flask provided with a two-hole stopper. During tin' ('vaporation, pass a current 
of dry air through the flask. Place the flask (‘ontaining fin; dry residue in an oil 
or air bath and heat for half an hour at 1 ft) to during which time pti'is 

dry hy<ln)chloric acid gas through the flask. Cool in a current of hydrochloric 
acid g:is, treat the r<'siduc with a few (*«•. of abs«»lule ah'ohol which has l»een satu- 
rated with hydnx’hloric acid gas, and add an ecjual voliinn' of alisohite <‘lher. 
Cl<»se the fhisk tightly and allow' it to sl.and with frc'qiient shaking for twehe 
hours. J*our tin; soluthni through a filter, w«‘t wiih tin* alcohol-c'tlu'r inixlun* atnl 
wash the r(*sidu<* three* finu*s by dc'eatUatioii wilh the alcohol-e't her mixtiin*. 
Aeld a few more ce. «)f the alcohol-ether saturated with hydrochloric in'id gas 
to the contents <»f the flask and allow to stand again for twelve hours. Pour tin* 
Ihjuid through a filter, and wash the resiflue by dec.-intatiou with the alcohol- 
etlier mixture until the re.^idue te'sted in the spectroseojee shows the eonqelete* 
absence of lithium. Carefully (!va|)orate the combined alcohol-(*ther exfrae*t to 
elryness on a lukewarm Avater bath. Dissoh-e the residue in sufficient dilute 
sulphuric aciil to convert all the lithium into the sulphate, tr.an.sfer the solution 
to a wciighed platinum dish, evaporate to dryness on tin* Avaler bath, and finally 
ignite gently. Cool the residue in a (h'siceator and weigh as lithiunv sulphate. 

Note. Lithium may also be j)rc<ai)it..ate<l atul weighed as Li.iP( >4,* or it maybe pre- 
ci])ituted as laP® and then ehaiige<l into tho suli)h.'il(! and weigln*il. 

Spectroscopic Method ^ 

Dis.solve the lithium salt containing snuill amounts of sodium and pota.ssium 
resulting fr»)m the soi>aration by the (}o«»ch or Itammel.sberg methods in 5 or 10 cc. 
t)f water, depending on the amount of lithium present. (Iradually add measured 
amounts of this solution to a knoAvn v«)lume of Avater — testing the solution from 
time to time in the spectniscope -until the lithium line appcur.s. When only 
traces of lithium are present, it is bettor to dissolve tho lithium salt hi a little 
AA'ater and dilute to the A'anishing point of tho lithium line. Make the spectro- 
scopic examination as follows: Prepare a loop by winding a platinum AA’ire four 
times around a No. 10 wire. Plunge the h>op into the solution, and remoA-e 
with the axis parallel to the surface of tho Aiafcr. hlvaporato the drop to dry- 
ness carefully, ignite in the Bunsen flame, and oliservc through a good spectro- 
scope. 

Before undertaking the determination, slandardize tho instrument and plati- 
num loop by carrying out the determination Avith knoAvn amounts of lithium. 

The method gives satisfactory results Avhon only an approximation is desired. 
For Aveighable amounts of lithium, the Gooch method is preferable. 

* Treadwell, “Analytical Chemistry,” 2, 5<>, 1011. .John Wiley & Sons, N. Y. 

* Mayer, Ann. Chein. Phann., 08, 19;J, 1850. Mcrling, ti Anal. Cbein , IS .'>6.3 
1870. 

•Carnot, 3 Anal. Chem., 20, 332, 1890. 

* Skinner and Collins, U. S. Dept. Agri. Bu. Chem., Pull. I.*!.!. A gootl l)il)liography 
is included in this bulletin. 
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Determination of Sodium, Potassium, and Lithium in the Pres- 
ence of One Another 

WoiRli the c()mhiii('<l Ikiscs ii'i sulpliiitos, oh.s«'r\'iiiK tlio prociiutions detailed 
under 1 )etennin:i(ieu of Sodium, dissolve iu wati'r and dilute to d<!finite vol- 
ime. In one iM)rti()n detenuine the potassium and in a second portion dctemiiiie 
the lithium by the (.looeh or Itammelshorg method. Obtain the value for the 
sodium by difference. 


Determination of the Alkalies in Silicates 
J. Lawrence Smith method ' 

Principle. Hy heating tlui sul)sl:iuee witli 1 part ammonium eliloride and 
8 parts ealeium earbon.ate, and leaehinju; tlio sintered mass with water, the alka- 
lies are obtaini'd in solution in the form of ehlorides alonj{ with s<tnn^ ealeium, 
while the remaininK metals are for the most i)art left behind as insoluble oxides, 
and the siliea is ehan^ed to ealeium silieate. 

Procedure. Triturate 0.."i frram of the tinely powdered mineral with an ecpial 
(juantity of jnire ammonium eliloride in an a^^ate mortar, add 3 grams of pre- 
eipitate<l ealeium carbonate - and mix intimately with the former. Transfer the 
mixture to a jilatinum erueible (pref- 



erably the .1. bawrenee tSmith alkali 
erueible), rinse the mortar with 1 
gram of ealeium carbonate ami add 
to the contents of the erueible. 

Plaee the covered erueible in a 
slightly inclined position with the 
top protected from the heat of the 
llame This can be done by setting 
the crucible in a hole in a cylinder 
of fire clay, as shown in Fig. 56. 

Gradually heat the crueilile over a 
snaall flame until no more ammonia 
is evolved, but avoid heating suffi- 
ciently to cause the evolution of 
ammonium chloride. This should 
require about fifteen minutes. Then 
raise the temperature until finally 
the lower three-fourths (and no 
m.ore) of the crucible is brought to 
a red heat, and maintain this tem- 
perature for one hour. Allow the crucible to cool and remove the sintered cake 
by gently tapping the inverted crucible. Should this not be possible, digest 
the mass a few minutes with water to soften the cake, and then wash it into 
a large porcelain or platinum dish. Heat the covered dish with 50 to 75 cc. 
of water for half an hour, reduce the large particles to a fine powder by rubbing 

'Am. J. Sci. (»), 1, 269, 1871; Ilillcbrand, U. S. Geol. Survey Bull. 422, 171, 1910. 

’ Blank dotenninstions should be run on the calcium carbonate, and corrections 
made for its alkali content. 
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with a pc8tle in the dish, and decant the clear solution through a filter. 
Wash the residue four times by decantation, transfer it to a filter, and wash 
with hot water until a few cc. of the washings gh'O only a sliglit turbidity with 
silver nitrate. To make sure tlie decomi>osition of the mineral has been coiu- 
plete, treat the residue with hydrochloric acid. No trace of undecomposed min- 
eral should remain undissolved. 

The aciucous extract obtained in the above operation contains the chlorulc's 
of calcium and the alkalies. To remov'e tlie calcium, treat the solution wit.h 
ammonia and ammonium carbonate, heat to boiling, filler and wash the residue. 
As this precipitate invariably retains some alkali salts, it should be dissolved in 
hydrochloric acid and the precipitation reijcated. lOvap )r.ite the filtrate to dry- 
ness in a platinum or j)orcelain <lish, and expel the ammonium .salts by gentle 
ignition over a moving flame. After cooling, dissolve the residue in a little 
watcir, and add a few drops of ammonia and ammonium oxalate to remove the 
hist trace of calcium. After standing sev'cral Inmrs, filter off the calcium <)xalatc, 
receive the filtrate in a wt'ighed jilatinum ilish, evaporabi t<j dryness ami ignite 
gently to remove ammonium salts. Moisten the cooled mass with hydrochloric 
acid to transfonu any carbonate into chloride, and again evaporate to <lry ness 
and ignite. C-o<j1 in a dcisiccator and W’cigh tlm combined chlorides. Dissolve 
in water, and if an insoluble resklue remains, filter off, weigh and deduct from 
the w'eight of the chlorides. Detennine the potassium by one of the methods 
already described, and obtain the value for sodium by difference. 

The Hydrofluoric Acid Method^ 

Procedure. Weigh about 0.5 gram of the finely powdered mineral into a plati- 
num dish, add 3 or 4 cc. of dilute sulphuric acid, and stir up the mixture with a plati- 
num rod. After cooling, add about 5 cci. of pure concentrated hydrofluoric acid, 
anti evaporate the solution on the water bath, frctpiently stirring with the plati- 
num rod, until the hydrtifluoric acid is expelled and no more hard particles can be 
felt at the bottom of the dish. Volatilize the greater part of the sulphuric acid 
by heating to make sure of the complete removal of the hydrofluoric acid, but do 
not remove all the sulphuric acid in order to avoid the fonnation of insoluble 
basic salts. Cover the cooled mass with 200 cc. of water, and digest until all the 
residue has gone into solution. Precipitate the sulphate by addition of a slight 
excess of barium chloride solution, and without filtering off the barium sul- 
phate, precipitate the aluminum, calcium and excess of barium by treatment with 
ammonia and ammonium carbomite. Allow the precipitate to settle, filter, 
wash four times by decantation and then on the filter until free from chlorides. 
Evaporate the filtrate to dryness, and remove the ammonium salts by gentle 
ignition. Dis.solve the residue in a little water, and separate the magnesium 
according to one of the methods described above. Finally weigh the alkalies as 
chlorides or sulphates. Determine the potassium in the residue and obtain the 
value for sodium by difference. 

Determination of the Alkalies in Alunite 

Thoroughly mix the finely powdered mineral with an e({ual weight of pure 
silica, and proceed as directed under the J. Lawrence Smith method for the 

* Treadwell, op. cit., p. 499. 
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d<itcrmiimti(m of tlui silkalios in silirutos. In this ciisc, h()w<'vcr, th« Avator extract 
will contain a largo amount of sulphate, which should be removed by precipita- 
tion with barium chloride solution before umhu'taking to si‘|)jirato the calcium. 

Tor an approximate detenivination, igtiite a half gram of the powtlen'd ininyral 
for an hour or so at loiv red heat, cool, loach out with wat('r, evaporate to dryness, 
and weigh the residual sulphates. If scsliiun is present, detenuine the potassium 
in the n'sidue. 

Determination of the Alkalies Volumetrically 
Titration with Standard Acid 

When sodium or potassium is present as a hytlroxide or salt of a weak acid 
such as carbonate; or borate, either metal wImui pn*sent alone may usually be de- 
termined by titration with standard acid and methyl orange. 

Titration with Standard Silver Nitrate 

The alkalies may bo detenninod when pre.sent alone as chloride by titration 
with standard silver nitrate, potassium chromate indicator. 



SELENIUM AND TELLURIUM 

Wll.KKKD W. S<U)TT 

\ amorphous WHi; m.p. 217”; i , r . nr»v//> 

Sc. aUvt, 79.3; sp.gr. ^ 

ScOj; aciils, iLScO., H..Sc()i. 

Tc,at. wt. 137.5; sp.gr. (i.27\ «i.p.4.'»3®; ^ h.p. oxir/<*s TeO, ToO,, 

TcO.; acids, II.TcO,, H/IVO,. 

DKTECTION 

Selenium and l(!llurium ap|war wilh the hydrogc'ii sulphide; siil)fi:r(nip ele- 
ments in the ordinary course of (lualilative analysis. '^I’he acid soIuti(»n of tlie 
material is treated eold with JI^S, as the lemon-yellow SeS, formed in a cold solu- 
tion is more readily soluble in alkaline sulphide solutions than the oranse'-yellow 
SeSs j)reeij)itated from hot solutions. Although only a ])artial separation takes 
place the cixtraet will contain siitfichait seilenium, if ])resent in the; sample, to give a 
(inalitative test, liy jiree-ipitation from an acid solution by ll-S, selenium and 
t(;lluruim are separated from members of subset lucnt groups. The sulphides jin*- 
eipitated an; t'xtraetcd with sodium or ammonium sul])hid(‘ and the extract e.xam- 
ineil for st‘l(‘nium and tellurium. 


Detection of Selenium 

The sodium (»r ammonium <*xt.ract is acitlilied with hydrochlorh; acid, whereby 
selenium tog<;ther with the other members of tin; group are ])recij)itated. The 
washed dried precipitate is mixed with twice its weight of a ihix containing equal 
parts of sodium carbonate and nitrate, and (he mixtun; addt'd to an e(|ual amount 
of the flux which has been jireviously fused. 'I’lic; fluitl mass is ])oured on to a 
slab of jKHTelain and the cooled nu‘lt ])lace<l in a beaker and extracted with 
wat<;r, wh(;reby sehmic, telluric, molybdic aud Jirsenic acids dissolve, stannic oxide, 
sodium antimonate, gold and tla; platinum group n'lnaining insoluble. The 
extnict is treated with an excess of hydrochloric acid and boiled to reduce sodium 
selenate, Na.Se()4, to sel(;nious aci<l, llaSeOa. A D'ducing ag(‘nt such as sulphur- 
ous acid, ammonium sulphite, hydrazine sulphate or liyilroxylamine is added 
and the solution boiled. Selenium, if present, is precipitated in its red or brown 
colored metallic form. The red color darkens on boiling. 

Selenium is an odorless and tasteless solid. Its vujwr has a putrid horseradish 
odor. The element burns with a reddish-blue colored flume. 

Dissolved in concentrated sulphuric add a fine green-colored solution is ob- 
tained, from which solution selenium may bo precipitated by dilution with water, 
the suspended substance giving a reddish tint to the acid. 


^ Circular 35 (2d Ed.), U. S. Bureau of Standards. 
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Hydrochloric acid decomposes selenates witli evolution of cliloriiio gas on 
boiling. 

liarinm chloride i)re(;ipitates white llju'^eO.,, soluble in dilute IK’l, when added 
to selenites, and white HaSeO^, insoluble in dilute IK'l, when added to selenates. 

Hydrogen sulphide produces no pr(‘<-ipitatc with a selenato. This reduced, 
howtiver, by heating with TK'l, a lemon-yellow to orang<vyt‘llow preeijatate of 
SeSj isobtaiiuHl. 


The gas ixissed into a solution of scdenilc? gives an imnualiatti pr«‘cipitation of 
the sulpliide, SeSa. 


Detection of Tellurium 


Tellurium dissolve<l in concetitrotcd Nuip/iiiPir arid colors the acid purple or 
cannine. The eol<»r disappears <»u dilution. I'h*; mineral may bo treabid 
directly W'ith hot coneentrated sulphuric acid and the color obtained in presence 
of tellurium. 

Heated in a test-tube tellurium compounds sublinui and fuse to colorless, 
transparent drops of 'I’et )». 

Hydrogen sulphide precipitates metaMic tcll'irium nii\ed with sulphur when 
passed into acid solutions containing the elemejit. 'I'he pr(*ci[)itat<! re.semblcs 
SnS in appearance. It is readily soluble in 

Ti’llurium hunts with a greenish flame. 

Reducing agents addetl to acid solutions of bdlurium precipitate black 
metallic tellurium. 

T<dlurium com])ounds jire not as readily reduced ;..s arc' those of .sehmium. 
In solutions having an acidity of ovc'rtSO pc'r cent, Stb giw cause's thoi)reeipita- 
tion of metallic scdc'iiium alone'. I'pou dilution with an e'<|ual volume of W'ater 
tellurium is precijeltate-d. A se'p;ir.it ion may b ' e.Tccieid i.i this way. 

Tedlur.ates hailed irii/i JK'l e\olve; chloiine g;is atiel are re'duceul to ll/rcOj. 
Dilution of the solution will clause the; pre'e*ipitation of Te;()-. (distinction from Se). 

Potassium iodide iiddc'd t.o a tellurite in dilute sulphuric acid solution (1 : 4) 
precipitjil.es blae*k ToL, seduble in e'\ce-'ss of KI. 


ESTIMATION 

Selenium and tellui-ium closc'ly reiscmble sulphur in cheunical properties. 
'^he^y have crystalline! jmd simorphous fonus. The elements ocetur in nature 
fretjunntly associated Avith suli)lnir. Sele'nium is freeiuontly pre.scnt in iron 
pyrites, hence is found in the flue tlust e)f lesid chambers of the sulphuric acid plant, 
and as an impurity in sulphuric acid, prepared from pyrites containing selenium. 

Ores — Selenium. In copper and iron pyrites; meteoric iron. In the rare 
minerals clausthalite, PbSe; lehrbachite, PbSe*HgSe; onofrith, HgSe* 4 HgS; 
cucairite,CuSe-Ag2Se; crookesite, (CuTlAg)Se.^ 

Tellurium. Occurs in tellurides and arsenical iron pyrites. Frequently 
associated with gold, silver, lead, bismuth and iron. In the minerals — altaite, 
PbTe; calaverite, AuTe2; coloradolite, HgTe; nagyagitc, (AuPb)2(TeSSb)2; 
petzitc, AgaAuTe2; sylvanite, AuA^e4; telluridc, TeOa (tellurium ochre); 
tetradymitc, BitTes.^ 

' Thorpe, “ Dictionary of Applied Chemistry.” 



360 


SELENIUM \ND TELLURIUM 


Preparation and Solution of the Sample 


The follovring farts regarding solubilities of these elt'iiients and tlieir coin- 
pounds may be useful in the analysis of these substances. 

Setenium. Amorplious selenium is soluble in carbon disidphide; the crys- 
talline hexagonal form is insoluble in this rengent. The m<!tal is soluble in 
hydrochloric acid in the presence of niiric acid. It is soluble in cold concen- 
trated sulphuric acid, giving a green-colored li-iuid, which diluted with water 
deposits selenium. 'I'lie dioxide, Se()«, is re:idily soluble in hot water. 

Tellurium. The element dis.solvos in Jiot c<»nccnlr!i(ed hydrochloric acid. 
On dilution of the solution a precipitation of ll 2 Te 03 *Tc ()2 occurs. 'IVeatcd 
with concentrated nitric acid or acjua regia Il 2 're 04 forms. With sulphuiic acid 
the compound ll 2 TeO» fonns and .S ()2 is ev’olvctl. I'lic clement dissolves in 
concentrated potassium cyanide, from which sidution hydrochloric acid jirecij)- 
itates all «,f tlie tellurium. '^IVdlurium is insoluble in carbon disul)>hide. The 
oxides TeO and Tc02 are soluble in aciils, TcOs being not readily soluble. .\ll 
the oxides dissolve in hot potassium hydroxide solutif)ns. 


Care must be exorcised to avoi<l overheating acid extracts in the preparation of the 
samjile, since loss by volatilization is a]>t to occur; this is especially true of the hah>g(‘ii 
coinjiounds of selenium and tellurium, the fornwir being more volatile than the latter. 
(B.p. Kc(’l2=I45‘’; Se2Hr2=225°-230"; ScUCl 2 = 17!).r)°; TeCl 2 = :i27“; TcCI,=414°; 
TeBra =3ay°; TeBr 4 =420“ C.)‘ 


Fusion Method. The finely powdered substance is intimately mix(id with 
about five times its weight of a flux of sodium (‘arbonate and nitrate (4 : 1) and 
heated gently in a nickel crucible, gnidually increasing the In^at, until the charge 
has fused. When the molten ntass apix'ars homog<*ne )us, it is coohxl and ex- 
tracted with water. Sodium solenatc and tcllurate pass into solution tind are 
separatetl from most of the heavy metals. 'I’he w-ati'r extract is at-idified with 
hydrochloru! acid and boih'd until no more free chlorine is evolv(«l. (I'est 
with starch iodide paper. (ll=blue color.)* Mt'tallic si'leiiium and tellurium 
may be precipitat(*<l by [Kissing sidtdmr dioxide into the hydrocddoric acid solution. 

Keller has shown that tellurium is not jM-ecipitated by S ()2 in strong hydro- 
chloric acid solutions (sp.gr. 1.175), whereas selenium is i)recipit,atiHl. Diluted 
with an equal voluit’.c of water (acidity 30 to 50% of above) both tellurium and 
seleniiun arc precipitated by SO 2 . 


SEPARATIONS 

One or more of the following procedures may be required according to the 
material that is being analyzed. 

Separation of Selenium and Tellurium from the Iron and Zinc Groups, 
from the Alkaline Earths and the Alkalies. If sulphur dioxide is passed into 
a solution containing 30 to 50% of hydrochloric acid (sp.gr. 1.175), selenium and 
tellurium will be precipitated, the other elements remaining in solution. If the 
acidity is over 80% of the above strength of hydrochloric acid, only selenium 
is precipitated. 

* Van Nostrand’s Chem. Annual. 

* According to B. Kathke, Zeit. anal. Chem., 9, 484, 1870^ no appreciable loss of 
selenium occurs in the presence of sodium or potassium chlorides. llosc claims that 
an appreciable loss occurs when solutions of selenium are heated above 100“ C. 
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The presence of nitric ami of sulpiiuric acid i)rcvcnts the copmicte prcciinta- 
tioii of tellui'iuin. 

Separation of Selenium and Tellurium from Ca dmium , Copper and Bis- 
muth. Sulphur dioxide passed into an acid solution containiuK 80 to 50% 
liydrochloric acid (sp.gr. 1.175) precipitates selenium and tellurium free from 
cadmium, and the greater i>art of bismuth, cojjpcr, antimojiy, etc. Complete 
separation of selenivim and tellurium may be effected 1\v the distillation process 
described under Separation of Selenium and Tellurium, see below. 

Separation from Silver. Silvt*r is precipitated as the chloride, AgCl, se- 
lenium and ti'lluriiim remaming in solution. 

Separation from Gold. 'I'lie slightly acid solution, free from nitric acid, 
is diluted with watei-, ammonium oxalate or oxalic acid added and t he ])recipitatcd 
gold allowed to settle S(!veral liours (])nffenibly twenty-four hours or more). The 
gold is liltc'red off and tlm s(‘lenium and tellurium precii)itale<l in the filtrate with 
sul])hur dioxide. 

In the absence of selenium, gold may be separated from tt*llurium by precipi- 
tation with ferrous sulphate adtletl to the solution strongly acidified with hydro- 
chloric acid. Tellurium remains in solution. (Selenium is also precipitated 
with ferrous sulphate.) 

Separation of Selenium from Tellurium in Strong Hydrochloric Acid by Di- 
rect Precipitation with Sulphur Dioxide Keller’s Method.' Th<' procedure has 
already be«‘n mentionetl. Advantage is <nk(*n of tlu* fact that lt‘llurium is not precipi- 
tated by SOj in strong hydrochloric acid s()lu(ii»ns, wluai'as selenitim is precipitated. 

Procedure. The two elements are precipitatcsl by sulphur dioxide from an 
acid solution containing 30 to 40% of strong hydrochloric ai’id. The precipitate 
is dissolved in nitric acid and the solution eva])orated to dryness on the steam 
plate. The r(*siduo is treated with 2(K) cc. of hydrochloric acid (sp.gr. 1.175) 
and boiled to fr<*e the solution of nitric acid, since the jm'sence of this acid pre- 
v(!nts complete jn-ecipitation of tellurium. A little .sodium chloride is previously 
atlded to minimize tlie loss through volatilization during the heating. The hot 
solution is saturated with sulphur dioxide, whereupon selenium is quantitatively 
precipitatt'd and may be filtered off, washed with a OO'Jo solution of strong hydro- 
chloric acid (sp.gr. 1.175, i.o., f) parts HClto 1 part by volume ILO), followed by 
dilute acid, then by w'ater until free of acid, and litmlly by alcohol. Weigh as 
metallic selenium after drying at 105® C. The tellurium is precipitated from the 
filtrate by diluting this with an equal volume of water, heating to boiling and 
again saturating with sulphur dioxide. The precipitate is washed with dilute 
hydrochloric acid (1 : 1), followed by water and alcohol, then dried and weighed 
as tellurium. 

Separation of Selenium and Tellurium. Distillation Method 

The following method is excellent for dclemiining selenium and tellurium in 
alloys. 

Procedure. The apparatus having been set up as is shown in the cut. Fig. 57, 
0.5 gram of the alloy containing selenium and tellurium is placed in the distilling 
flask D and 30 cc. of H*S 04 (sp.gr. 1 .84) added. All connections are made tight. 

A current of dry HCl gas is allowed to flow into the distilling flask and the 
contents of the flask heated to 3(K)° C. (The HaS 04 should not fume and the 
temperature should be kept below the boiling point of this acid, otherwise the 

> Jour. Am. Chem. Soc., 10, 771. 
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acid distilliti}; iiit<i the reservoir R would interfere with tiie precipitation of 
selenium hy Sth.) Selenium distills as selenium chloride into R, while tellurium 
remains in the tlistillation flask. Durin;; the distillation, SO* gas is passed into 
R, to reduce the s'^Icnic salt in solution and precipitate metallic selenium. 

The tlistill.ation is continued for two or thr(!e hours, keeping the temperature 
of the distillation flask at nliout C, (i.c., below the boiling-point of HsS() 4 ). 
The contents f)f the receiver R is traihsferred to a 400-cc. beak<;r, and the dis- 
tillation continued into fresh IlC’l to assure com})leto volatilization of sehaiium 
from the flask D. The contents of the receiver and any of the metal adhering 
to the glass wool, or tlu; glass of the vessel, are combined. (The adhering selenium 
is dissolve*! off with a little IJromine-Potassiura Uromide solution.) 



Fio. 57. -Apparatus for Determining Selenium and Tellurium. 


Fig. 57 s1m»ws a convenient apparatus for routine dep'rminalions of selenium 
and tellurium in alloys, llydrochlorie acid gas is generated by allowing strung 
liydroehloric aeitl to How into e.«meentnite*l sidphurie acid (see A and B in draw- 
ing Fig. 57). 'Pho gas is dried by passing it through strong sulphuric acid (C in 
figure). A menairy pressure gauge*, arrangi>d to allow gas to blow out at a pressure of 
3 or 4 {'ounds, prevents accident o<!Curring due to sto])page in the system. 


Determination of Selenium. The solution in the beaker is saturate*! with SO*, 
then heated to boiling and the precipitated selenium all*>wcd to settle several 
h*)Ui-s, or overnight. The i^fucipitate is filtered into a weighed Chsadi crucible, 
then washe<l with hot water and finally with alcohol. The residue is dried for an 
hour at 100“ C. and weighed. 

Weight of »SeX 100 „ 

= /o oe. 


0.6 
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Determination of Tellurium. The residue in tlie distilling flask is transferred 
to a 600-ce. beaker eontaining 150 ee. of eold watt^r. Ten ee. of 3% Fe(XO»)s solu- 
tion is added, and made anunoniaeal, and ilnui heated to boiling; tho prceipitate 
filtered off on a large filter and washed with hf)t water. The preeipitate is dis- 
solved in hot dilute IICI and the solution nearly ncutralissed with NH 4 (.)II. The 
slightly acid solution is saturali'd with ll-S, the preeipitated tcdluriuin filtered off 
on an S. and S. No. 585), 122 fiter, and washed with ll^H w'ater. 

Tho precipitate is dissolved </ff the pajMir into a small beaker with a mixture 
of equal parts of IK’l and bron ine-potassium bromide solution.* The paix'r is 
washed with wafer keejiing the volume of the solution as small as possible. Tho 
filtrate should contain 20% IK 1. 

Tellurium is preeipit sited by saturating the solution with SOa. The jire- 
cipitato, after heating t<i boiling, is allowed to settle for several hours and filtered 
onto a weighed (Jooeh. It is w'ashed with hot water and then W’ith alcohol and 
dried for an hour at 100“ C'., cooled in a desiccator and weighed. 

Weight of Te X 1 f)0 , 


GRAVIMETRIC METHODS FOR DETERMINING SELENIUM 

AND TELLURIUM 

The sections on Preparation and Solution of flie Samph' and Separations 
should bo carefully studied, as <letails for the ])r(>cipit.ation of sc'leniiim and 
tellurium arc given. 


SELENIUM 

Precipitation of Selenium by Sulphur Dioxide 

The procedure for isolation of selenium by preeiintation with sul))hur dioxide 
gas, passed into the hydroi-hlorie acid solution, has been given already in detail. 
For matter of convenience the procedure is briefly outlined here. 

Procedure. The sample obtained in solution according to the procedure out- 
lined under Preparation and Solution of the Sample and freed from nitric acid, 
is saturated with suljihur dioxiile, whereuiion selenium is precipitated in its 
elemental condition. If the solution is strongly acid with hydrochloric acid 
(H('l=sp.gr. 1.175), tellurium remains in solution, if jiresent. It is advisable 
to wash the precipitated selenium with moderatidy strong hydrochloric acid, 
follow'cd by the dilute acid, then with W'ater until free of acid, and finally with 
alcohol. The residue is drieil at 105“ and weighed as metallic selenium. 

The filtrate should be tested for selenium by saturating again with SO*. 
Tellurium precipitates f|uantitutively from hydrochloric acid solution of half the 
above strength, hence will be evident in the filtrate, if present. 

*Thn potassium bromide solution is made liy adding 200 cc. of liquid bromine to 
320 grams of ))otussium bromide salt dissolved m just sufficient water to form a satu- 
rated solution. 
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Reduction to Metallic Selenium Potassium iodide Method 

The method workotl out by I’eirco • is useful in determining selenium in sutn- 
ples containing less than 0.1 gram selenium, Largcir amounts are apt to occlude 
iodine, giving high results. 

Procedure. The samph; containing selenious acid or a selenite is diluted to 
4(K) cc. and aendified with hydrochloric aeid. l*otassium ioditlo is added in excess, 
about 3 grams mons than is roquirtjd to effect rediuition, and the solution boiled 
about twenty minutes. The precipitate is filtcired and washed as usual, then 
dried and weighed as metallic selenium. 

TELLURIUM 

Precipitation of Tellurium by Sulphur Dioxide 

The procedure has been given under tlie section on Separations. The fol- 
lowing method is useful for determining tellurium in samples in which selenium 
estimations arc not desired. 

Procedure. A sample of 1 to 5 gramsis taken for analysis and placed in a 
No. 6 porcelain crucible. Ten cc. of cone. HNO3 are added very cautiously and, 
when the apparent action has ceased, the sample is placed on the steam bath until 
all NO* fumes have been exiielled. Four to 5 drops of cone. HjSO* are now addetl 
and the solution evaporated to dryness on the steam bath. About 15 cc. of cone. 
H('l are added and the solutioii again evaporated to dryness. By this latter pi*o- 
cedure any selenium that may be pre.sent is converted to the easily volatile 
chloride. The crucible is jilaced on a trijingle on a wire gauze over a low flame 
and heated cautiously * until all white fumes have disapiieared and tlum at dull 
red heat until all signs of crystallized selenious chloride have disappeared. The 
residue in the crucible is tellurious dioxide and ferric oxide. 

The crucible is cooled and the residue dissf»lv(>d in cone. IICl in a No. 4 beaker 
and the solution diluted to 2.')0 cc. with ilistilled water. H*S is passed into the 
solution until tellurium is completely precipitated. The precipitate is filtered 
onto a 12^ cm, filter, S. & S. 5cSl) quality, and ivashed with 11*8 water. 

The precipitate is dissolved in a 2.5()-ce. beaker by adding a mixture of bro- 
mine-potassium bromide t2(K) cc. of luiuid bromine added to 320 grams of KBr 
salt that has been dissolved in just sufficient water to form a saturated solution), 
1 part and cone. HCl, 1 jiart, using the least amount of the mixture necessary to 
dissolve the precipitate and wash wdth a little water. The filtrate should con- 
tain 20% IICl. 

The solution is thoroughly saturated with 80* gas, and then heated to boiling. 
The precipitated tellurium is allowed to settle for several hours, preferably over 
night, and filtered into a weighed Uwjch crucible, then washed with hot water 
and finally with alcohol. After drying for an hour at lOO® C., the tellurium is 
cooled and weighed. 

Weight of the residue multiplied by 100 divided by weight taken gives per 
cent telurium. 

* A. W. Peirce, Am. Jour. Sci. (4), 1416. Gooch, “ Methods of Chemical Analysis.” 
376. 

* Cautious heating is necessary to prevent mechanical loss of tellurium during the 
volatilization of selenium. 
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Determination as Tellurium Dioxide 

The following procedure worked out l)y Firownins mid I'liiit » provides for the di- 
rect estiiuatiuii of tellurium in the fortii of its dioxide, TeO^, iit presence of selenium. 
The oxide is not afl(!ct«‘d by the air, it is anhydrous, non-hydroscopic and may be 
obtained in jnire form. Selenium ami tellurium are iirecipitated by sulphur 
dioxide from a hydrochloric acid solution .according to the procedures given. 
The elements are filtered off, dissolved in hydrochloric acid containing sufficient 
nitric acid to (!ause solution and carefully taken to dryness on the water bath. 
The mixture is then treated .as follows: 

Procedure. The material is dissolved in hydrochloric acid, or in a 10% 
solution of potassium hydroxide, using about 2 cc. per 0.2 gram of dioxide. The 
.solution, if alkaline, is slightly acidified with hydrochloric acid and then diluted 
to 200 cc. with boiling water. Dilute ammonium hydroxide is now added in faint 
1 ‘xccss, followed by the faintest possible excess of acetic acid, whereby the 
finely eryst.alline tellurium dioxid(! is precipitated. The ])reclpit.jite is transferred 
to the i)erforated erindble containing an asi)estoa mat. and wash('d rapidly with 
cold water, then dried to constant weight at 105" C. ami weighed as TeO*. 

Notes. The addition of a few drons of acetic acid, as recoinincndcd, causes the 
])reci]>itatlon to become quantitative when the solution has cooled. 

Hot water is used for the dilution, since cold water induces a flocky precipitation 
with inclusion of selenious acid. 


VOLUMETRIC DETERMINATION OF SELENIUM AND 

TELLURIUM 

lodomctric Determination of Selenic, or Telluric Acid — Reduction 
with Hydrochloric Acid and Distillation 

The method depends uiK)n the reduction of selenic or telluric acid to sehuxious 
or tcllurious acid by heating with hj'drochloric acid, the evolved chlorine being 
a measure of the .aiuds in question. The chlorine absorbed in potassium iodide 
solution liberates its equivalent of iodine, which may readily be detennined by 
titration with standard thiosulphate. The following reactions illustrate the 
change that takes place: 


K 2 SCO 4 + 4 HCM =2K( ;i4-H,Se03+IL()+Cl,, 
K3Te04+l 11(4= 2K(4-b ILTeOj-f 1 LO+Cl*, 


, _ 8 e Te 

ICI..II.- or — 


=03.75 grams Te or 39.0 gnams Se per liter normal solution. 


Accorrling to (looch and Evans* over 30^0 of strong hydrochloric acid (sp.gr. 
1.20) should be present. Dilute hyilrochloric acid having a strength of 10% of 
H(4, sp.gr. 1 . 2 , does not react w’ith lilieration of chlorine. (We must lie taken 
not to prolong the boiling after the solution reaches a concentniti.m of half 
strongt,h, since over reduction may take place and the medals be liberated. 

• Philip E. Mrowiiing and Win. 11. Flint^j Am. .lour. Sci. (4), 28,. 112. F. A. Gooch« 
“ Methods in C4ieini(!ai Analysis,” John Wiley & Sons, Pub. 

* F. A. Gooch and P. S. Evans, Jr., Am. Jour. Sci., (3), 1, 400. 
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Procedure. The sample containing the selenate or tellurate is treated mth 
75 oc. of hydrochloric acid, containing 25 cc. of strong HCl, sp.gr. 1.20, per 0.2 
gram of the oxides, in a distillation flask connected with a Drexel wash bottle 
receiver, water cooled, and charged with potassium iodide solution. A current 
of COs is passed into the flask to sweep the liberated chlorine into the iodide 
solution. The sample is boiled until nearly one-third its volume has distilled 
into the receiver. The liberated iodine is titrated with standard thiosulphate. 
One cc. N/10 NoiStOa »0.00396 gram Se or 0.006375 gram Te. 



SILICON 

Wilfred W. Scotp 


Si, a / . (• . 38.3 ; ap.gr. amor. 3.00. ; crya, 3.49 ; m.p. 1439“ C. ; oxidea SIO,* SIOj 

DETECTION 

1’lie finely ground sample together with a small quantity of powdered calcium 
fluoride is placed in a small h‘a«l cup 1 cm. in diameter and depth (see Fig. 
fiS), and a few drops of concentrated sulphuric acid added. A lead cover, with 
a small aperture, is placed on the cup, and the opening 
covered with a piece of moistened black filter paper, 
l^pon this paper is placed a moistened pad of ordinary 
filter ])ap(?r. The cup is now gently heated on the .steam 
bath. At the end of about ten minutes a white dejxisit 
will be found on this under side of the black pajier, at the 
opening in the cover, if an appreciable amount of silica is ^ 

jire.sent in the material tested.* 

A silicate, fused with sodium carbonate or bicarbonate in a platinum dish 
and the carbonate decomposed by addition of hydrochloric acid with subsequent 
evaporation to dryness, will liberate silicon as .silicic anhydride, 8i()2. The 
silica placed in a platinum dish is vol.'itilizcid by addition of hydrofluoric acid, 
the ga.seous .silicon fluoride' being foniMid. A drop of water placed in a platinum 
loop, held in the fumes of SiF4, will become cloudy owing to the formation of 
gelatinous silicic aedd and fluosilicic acid, 

3SiF4+31T20 =ll2SiO,+2Il2SiF,. 

If a silicate is fused in a platinum loop with microcosmic salt, the .silica floats 
around in the bead, jiroducing jin opaepK; Ixsad with weblike structure upon ctKtling. 


ESTIMATION 

The gravimetric pmeedure is the only satisfactory method for the estimation 
of silica. I'hc substance in which the cloiiMint is combined as an oxide or as a 
silicate is docompo.sed by acid treatment or by fu.sion with an alkali carbonate 
or bicarbonate, the nuiterial ttiken to dryness with addition of hydrochloric acid, 
whereby the compound silica is lib(*rated. If other elements arc present the 
silica is volatilized by addition of hydrofluoric acid and estimated by the loss 
of weight of the residue. 

The element silicon has no im[)ortant .application. Its use for electrical 
resistance has Iwen suggested. A nal 10 cm. long with cross section of 40 sq.mm, 
has a resistance of 200 ohms against a carbon rod of the same dimensions of 0.15 

^Dictionary of Applied Chemistry. Thorpe, page 671. 

* Philip K. Browning, Am. Jour. 8ci. (4), 32, 249. 
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ohm. Impure silica finds use in fluxes in manufacture of glass; pure sili(‘a fv^r 
the manufacture of silica ware. With caustic it forms an adherent sodium 
silicate. Silicon carbide, carborundum, is used for refractory purposes, fire 
brick, sine mufllcs, coke ovens. Crystolon, the crystalline fonn, is used as an 
abrasive, in making grinding wheels, sharpening stones, etc. 

(k)mbined as SiO* and in silii’ates the element is very widely distributed in 
nature and is a reciuired consliUuMit in i)rai‘tic-ally every comph'te analysis of 
ores, minerals, soils, etc. It is jiresent in certain alloys, fcrro-silicon, silicon 
carbide, etc;. 

The element is scarcely attacketl by single acids, but is acted upon by nitric- 
hydrofluoric acid mixturt?. It dissolves in strong alknli solutions. Silica is 
dccoinposetl by hydroflu<»ri<! acid and by fusion with the fi.\ed alkali carbonates 
or hydroxides. 

Preparation and Solution of the Sample 

General Considerations, 'fhe natural and artificially jireparcid silicates may 
be grouiMid under two classes: 1. Those which are dc<;omposed by acids. 2. 
Silicates not decompos(‘d by acids. The mhu'rals datoliie, natrolito, olivine 
and many basic; slags are representative of Ihe first class, and feldspar, ortho- 
clase, ])umi"c and sc'rpentine are rejiresentative of silicates not dc;composed by 
acids. (See more comiilete list under last of More Important Silicates, page 361).) 
The first division simply reciuire an acid treatment to isolate the silica, the latter 
class reciuirc! fusion with a suitable flux. 

In techiiicsil analysis, in cases where gr<‘at accuracy is not recpiircd, the rc'sidue 
remaining, after certain conventional treat nunits with acids, is classed as silica. 
This may consist of fairly pure silica or a mixture of silica, undecomposed sili- 
cates, barium sulphate and certain acid insoluble compounds. For accurate 
analyses this insoluble rc’sidne is not accepted as ])ure silica, unlt'ss impurities, 
which are apt to be found with the silica residue, are known to bo absent from the 
material under examination. 

Although the procediin! for isolation of siliita is comparatively simple, errors 
may arise fro:n tin; following causes: 

1. Imperfect, decomposition of tin; silicate. 

2. boss <if the silica by spurting when acid is added to the carbonate fusion. 

3. Slight solubility of silica, evi'ii after dc'hydration, especially in presence 
of sodium chloride and magnesia. 

4. Lo.ss due to i;n|)erfect transf(;r of the residue to the filter pajier. 

ii. Mechanical loss during ignition of the filter and during the blnsting, due 
to the draft whirling out tin; liin;, light silica ])owder from the crucibh*. 

6. h’rror duo to additional silica from contaminated reagents or from the porce- 
lain dishes or glassware in which the solution was evaporated. A blank of 0.t)l % 
on the sodimii enrbonnte will innkc; :in error of 0.1 ^^7' Kriim s:it!']>1(j in :in 
ordinary fusion where 10 ^ 2 ;ranis of Ihe flux are reciuinMl. 

7. Krror due to loss of weight of the platiinnu erueihlc^ during the blasting. 

5. Incomplete renujval of water, which is held tenaciously by the silica. 
Furthenuore, weighing of the residue should be done (juickly, as the finely divided 
silica tends to absorb moisture. 

Two gc'ucral proc^edures will bo given for treatment of the acid decomposa- 
ble and undccomj)osable silicates. It is frccpKmtly advisable to use these two 
procedures in conjunction, extracting the material first with acid, and then fusing 
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tlio insoluble residue with sodium carbonate; this procedure is used when a 
gritty residue remains after tlie acid extraction. Ff)llo\ving the general procedures 
for decomjwsition of silicates, certain s])ecial methods will bo given. 

List of Most Important Silicates. Silicates decomposed by acids. Allanite; allo- 
l)hanc; analcitc; botryolito; brnwstcritc; calamine; chahasite; croiLstcdtitite; datoliic 
(hydrated silicate and borate of (\i with A1 aiul Mg); diojjtase; oulytitc; gadulir.- 
ite; gahlenite; helvite; ilvaite (silicate ferrous ami ferric iron with AhO*, OaO ami 
Mg()); laiimonite; nielinite; natrolite (hydrated silicate of A1 and Na with Fe and 
t-aO); okenite; olivine (silicate of Fe and Mg); pectolite; prehenite (hydrated A1 and 
Ca silicate with Fe, Mn, K, Na, e .); tejiroite; weriierite; wooliustonite&isaolitc. 

Silicates undecomposed by acids. Albiic; audalusite; aiigite; a^nite; beryl; 
carj)holite; <;vanite; diallage, opidote (silicate of Fe, A1 and C'a with FeO, Mn, ^lg, 
K. Na); cucljise; feldpsar (silittate of K, Na, Al, Fe, C:;i, and Mg); gjirnet; lolite; 
laliradoribs (micas of K and Mg); ortlmclasc; ]u*talitc; ]>inite, ]>rochlorite; jmmice; 
serpentine; sillitnanite, tale, topaz, tourmaline (Fo-Os, FeO, Mn, Al, Ca, Mg, K, Na, 
Li, Sit > 2 , U 2 O 3 , 1’jOs, F); vesuviaiiite. 


Preparation of the Substance for Decomposition 

If the material is an ore or mineral it is jilaecd on a steel i)lato within a steel 
ring and broken dowm by means of a hardene<l hammer t») small lum])s and linally 
to a coarse i)owder. A (luartered iK»rthm of this is air <lried and ground as fine 
as iwssiblo in an agate mortar and preseiwcd in a glsiss-stopiicnKl bottle for 
analysis. 

Analy.ses are based on this air-dried sample. If moisture is desired it may be 
determined on a large sample of the original material. nygrosc(*pic moisture 
is determinctl on the ground, air-dried samido, by beating for an hour at 105 
to 107° C. 


Decomposition of the Material, General Procedures 

Silicates Decomposed by Acids 

Acid extraction of the silicateH. O.o to I gram of the finely pulverized 
material jdaced in a b<*ak(!r or easserole is treatiid with 10 to 15 ce. of W'ater and 
stirred thoroughly to wet the p<nvdcr.‘ It is now treated with 50 to 100 ce. of 
strong hydrochloric acid and <ligestod on the water bath for fifteen or twenty 
minutes with the beaker or casserole covered by a watch-glass. If there is 
evidence of sulphides (pyrites), etc., 10 to 15 ee. of concentrated nitric acid are 
now added and the containing vessel again covered. After the reaetirm has 
subsided, the glass cover is raised by mt'ans of riders and the mixture evaimrated 
to drj’iiess on the water bath. (I'his evaporatif)n may be hsisteiied by using a 
sand i)nt>h, boiling down to small bulk at eoii>j)arativcly high temperature, then 
to dryness on the water bath. DecomiJositi(m is complete if no gritty particles 
remain. A fiocculent residue W'ill often separate «>ut during the digestion, <lu(; 
to partially dehydrated silicic acid, hydrated silicic a<*id, Si(OII )4 is held in 
solution.) The silicic acid is converted to silica, RiO*, the residno taken up with 
dilute hydrochloric acid, silica filtered off, washed with water acidified with hydro- 
chloric acid, tmd estimated according to the procedure given later. 

^ Water is added to the sarai)Ie and then aci<l, as strong acid added directly would 
cause partial sepanatinn of gelatinous silicic acid, which would form a covering on the 
undccomposcd particles, protecting them from the action of the acid. 



370 


SIT.lCOlf 


Silicates Not Decomposed by Acids 

Fusion with Sodium Carbonate or Sodium Bicarbonate. 0.5 to 1 gram 
of the air-dried, pulverized sample is placed in a largo platinum (Tucible or dish 
in which has been placed about 5 grams <»f anhydrous sodiun\ carbonate. The 
siunplc is thoroughly mixed with the carbonate by stirring with a dry glass rod, 
from which the adhering parti«!le.s are. brushed int<» the crucible. A litll<i car- 
bonate is sprinkled on the top of the mixture and tin; r(;eept.acle cov(!red. It 
is heated to dull rednc.ss for five minuttis and then gradually heati'd up to the 
full cajMicity of a Mdker burner. When the mix has melted to a <iuitc cle:ir licjuid, 
which generally is a<'complished Avith twenty minutes of strong In^ating, a i>latinum 
wire with a coil on the immersed end is in.sert<*d in the molten mass, and this 
allowed to cool. The fusion is nsnoved by gently hejiting the crucible until the 
outside of the mass has melted, when the charge is lifted out on tin? wire, and after 
c(H)ling disintegrat(Ml by ])la(‘ing it in a !»eaker containing about 75 ce. dilute IK 'I 
(I partIK’lto 2 parts IM)), covering the Ijt'aker to prevent loss by sp.a(lering. 
i'ho crucible and lid are eleaneil w'ith dilute hy<lrochloric aciil, adding this a<’id 
to the main solution. AVhen the disintegration is complete, the solution is 
evaporated to diyne.ss and silica is ivstimated according to directions given lat«*r. 

if decomposition is incomph'te, gritty material will be found in the beaker 
U]Km treatment <»f the fusion with dilute acid. If this is the case, it should be 
filtered off and fused with a second portion of sodium carbonate, and the fusion 
tmiti'd as directed above. 

Notks. h'usiuiiH with soluble c.arbon.ates are genonally bo.st cfTcctcd with the 
sodium salt, except in fusions of niobatc*s, tantalates, tnngs(ate.s, where the ])otji.s- 
sium H.alt is pref(>rri'il on account of the grcati-r solubility of the ]M)tassiuiu compounds. 
StMlium alone has an advantage over the mixed carbonates, ^aat'O* i-Ix/U)a, as siliiia 
has a high inclting-)>ouit ami a flux, xxhich fuses at 810° is morii ajit to cause ilis- 
integration of the silicate than the mixture, which melts at (590'’ t'. 

I’rolongi'd blasting is und<*sirablc, a« it nuitlers the fusion Ie.ss soluble. Aluminum 
and iron arc also reiuleretl dilKcultly soluble, when their oxides are heated to a high 
teinjieraturo for some tune. 

If the melt is green, it is best to dissolve out (he adhering melt from the crucible 
with dilute nitric acid, as a mangunate (indicated by the color), if jire.sent, will evolve 
free chlorine by its action on IK’l and this would attack the platinum. 

Fluoridesd Tn presence of fluoridt^s the melt is extrtieted with water (an 
acid extraction w'ould volatilize some of the silica), and the extract filtcrtid off 
from the insoluble carbonates. To the filtrate is added about 5 grams of solid 
ammonium carboiuite, and the mix W'tirmod to 40° C3. and allowed to stand for 
several hours. The greater part of the silica is jirecipitated. This is filtered off 
and wa.shcd with water containing ammonium carbonate. Preserx'e this with 
the insoluble carbonate for later treatnumt. The filtrate, containing small 
amounts of siliciit acid, is treati*d with 1 to 2 cc. of ammoniacal zinc oxide .solu- 
tion (made by dis.solving (’.P. moist zinc oxide; in ammonia water). The mix- 
ture is iMiiled to cxik; 1 ammonia ami the precipitate of zinc silicate filtered off 
The precipitate is washed into a beaker through a hole made in the filter, and the 
adhering material dissolved off with dilute HCM, enough being added to dissolve 
the remaining residue. This is evai>orated to drync.ss and silica sejiarated as 
usual. Meantime the in.solublc carbonate is dissolved W'ith IK’l, evaporattxl fo 

* Sodium bicarbon.ato. may be used in jilacc of the carbonate with excellent re.sults. 
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dryness and any silica it contains recovered. Finally all tlirec portions of 
silica are combined, if^nited and silica estimated us usual. 


Special Procedures for Decomposing the Sample 


Treatment of Iron and Steel for Silica. One gram of pig-iron castings, 
or a grams of steel are taken for analysis, both the fine and coarse drillings being 
taken in about c(iual i)roportion. (Fim? particles contain more silicon than 
the coarse chips.) Twenty to fiO cc. of dilute nitric acid (sp.gr. 1.135) are added 
to the sample in a 2o()-rc. beaker or small ctis.serole, and this covered. If the 
action is violent, cooling, by phuang the beaker in (.old water until the viol<*nt 
aclion has subsid(>d, is advisable. Twenty cc, of 50% sulphuric acid arc adch^d 
and till* solution (*vap<»ra(''d on th (5 hot plate to SOj fumes. After e(M>ling, 
150 cc. of water are adihal and 2 to 5 cc. dilute sulphuric acid. The mixture is 
healed until the iron completely dissolves and the silica is fillerc'd off onto an 
ashless filter, washc'd with hot dilute hydrochloric acid (sj).gr. I.l), and W’ith 
hot ^\ater until fri'o from iron. TIu? rt^sidue is ignit(id and the silica estimated 
according to the procedure? given later. 

/‘/{/ iron (ttn! cnxt iron may lx? deconijMwed by dig(?.stion with a mixture of S })arts 
by volume of 11 NO 3 (sp.gr. 1.42), 5 parts of Il 2 S ()4 (si).gr. l.<S-l),and 17 parts of water. 

Sk'ii and toroug/d iron may bo <lisintegral.ed by a mixture of 8 ])arts by volume 
of lINOa (sp.gr. 1.42), 4 parts IlaSOi (1.81), and 15 volunwjs of water. 

Ferro Silicons. Dilute hydrochloric acid, I volutno of acid (sp.gr. I.ltl), 
with 2 volunu's of water is a better solxamt. than tin? strong acid. 

Steels Containing Tungsten, Chromium, Vanadium and Molybdenum. 
Fusion with ])ota^sium acid sulphate, KIISOi, in a ))latinum dish, or sodium jicr- 
oxide in a nic!c(4 crucible will generally d(*comjM)sc the material. Sodium per- 
oxide is of specaal A'alue in decomiiosing chromium alloys. 

Silicon Carbide, Carborundum. 'Phis is best brought into solution by 
fusion with ])otassium hydroxide in a nickel crucible. Sulphuric, hydrochloric, 
nitric acids, or a<iua regia have no etT(‘ct upon this refractory material. 

Sulphides, Iron Pyrites, etc. Tlm-se reejuire oxidation with strong nitric acid or 
a m..\ture of broiniiK? and carbon tetmchloride, follow(!d by nitric, e.xactly accord- 
ing to the procedure given for solution of pyrites in the determination of sul|d)ur. 
The sample is takiai to dryness and then hydrochloric a<!id addt'd and the solution 
again evaporated. The ntsidue is dehydratfjd and silica determined as usual. 

Slags and Roasted Ores. Digestion Avith hydrochloric acid according to the 
first g(‘ueral procedure is best. The addition of nitric acid to decompose sul- 
phides may bo necessary. 

Decomposition of silicates by fusion AA'ith l(‘ad o.xidc (method of Jannasch), 
and calcium carbonate and ammonium chloride (method (jf Hillebrand), are of 
value AA’hen sodium is d('sired on the same sampU;. 'I'he procedures are given 
under chapters on Sodium and I’otassium. 


Ncmi. K-iCOs is preferred to Na-jttOs h>r fusion of tungstat(?s| niol>ate 8 and tan- 
talates on a(?cotmt of the griiater solubility of the iKitassiinn saUs. F<ir corundum 
and (duiuina sili<?at(;s Na-Ct >3 is ]>referred us double salt of potassium and aluminum 
are less soluble thiin the sodium salt.' 

h'luorides of silicon are fused Avith boric acid, ItFs is volatilized, 8 iF 4 is not formed. 
P. Jannasch.^ 

1 J. I.. Smith, Am. Jour. Sci. ( 2 ), 40, 248, 1865. C. N., 12 , 220 , 1865. 

»Ber., 28, 2822, 1896. 
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PROCEDURE FOR THE DETERMINATION OF SILICON 

AND SILICA 

As has been stated, the gravimetric inethud for detennination of silica 
is the only satisfactory prociidure for estimation of this substance. I’hc oxida- 
tion of the clement and its isolation have been dealt with in the s<*ction Prepara- 
tion and Solution of the Sample, The followiiig directions are for purifi<iation 
and final weighing of the element in the form of its oxide, silica, SiOa. 

Extraction of the Residue — First Evaporation. The residue, obtained 
by evaporation of the materhil after decomposition of the silicate, by acids or by 
fusion, as the ctuse reijuired, is treated with I. '>-25 ec. of hydrochloric acid (sp.gr. 
1.1) covcretl and heated on the wat.er bath 10 minutes. After diluting with an 
e<iual voluiruj of water, filtration is proceeded with immediately, and the silica 
is wstslujd with a hot solution consisting of .^> ec. bydro(;hloric acid (sp.gr. 1.2) 
to Oo cc. i)f water and finn'ly with water. This filtration may be performed 
with .suction. 'I'he lillrate and washings are ev:i]>orat('d to small volume on a 
sand bath and then to dryness. This contains the silica that dissolved in tlu; 
first extraction. 

Second Evaporation. 'The resitlue obtained from evaporation of the filtrate 
is dehydrated for 2 hours at lori-1 10“ C.‘ an<l e.xtnicted with 10 cc. of hydrochloric 
acid (sp.gr. 1.1) covered and heated on the water bath fr)r t(‘n minutes diluted to 
50 ce. with cold water and filtered imm(*diately, without .suction. The n'sidue is 
washed with cold water containing 1 <•<•. ecrticentnited hydrochloric acid to 09 cc. 
water, thowashedr(!sidue containing practically all® the silica, that went into solu- 
tion in the first e.xtractioM, is combined with the nniin silica residue. I'liis is gently 
heated in a ])latinum crucible until the filters arc thoroughly chiirred, aiwl then 
ignited more strongly to destroy the filter carbon and finally blasfeil over a ]VI<Skcr 
burner for at least thirty ininut(;s, or to con.sta,nt weight, t he crucible being covered. 
After cooling the silica is weiglu'd. For many practical i)ur|)oses this residue is 
accej)ted as silica, unle.ss it is highly colored. For more accairate work, especially 
where cont.amination is suspec.tetl (silica should be white), this residue is treat.ed 
further. 

Estimation of True Silica. Silica may be contaminated with BaS()<, TiO., 
AbOj, FcijOj, PgOs combine<l (traces of certain rare elemenfs may be pnvsent). 
The weiglual residue is tn*a(ed with .3 ••<•. of water, followed by several drops of 
concentrated sulphuric acid axul 5 cc. (d hydrofluoric acid, HF (hoofl). After 
evaporation to dryncs.s, the crucible is heated to redness and again cooled and 
weighed. The loss of weight nfpresents silica, SiO-.-.* 

* Dehydration of silica is aided by the presence of lime and nitarded by magnesia. 
In presence of the lattctr a solnl>le magnesium silicate will form if the dehydration 
is conducted at a temperature much above 110“ hence it is better to avoid this 
by taking more time :ind heating to 100 or 105“ as nicoinmended. 

Sodium chloride has a solwnt action on silic.a, the rcacthin of TK'l on sodiu'u 
silicate being reversible; 21 l('I-t-Na«Si 03 i=? 2 Na(’l-f-H 2 Si()s. An evajxoratiou o.' 
the filtrate to dryness will recover the greater i)art of the silica thus tli8S«ilv<*d. 

* Not more than 0.1(o uf the origin'll Sil >2 may still be in solution. 

®Sili<'ic ai'iil «*annot be com| leti'ly dehydrated by a single evaiioration and healing, 
nor by seveml sueh treatments, unlc.s.s an intermeiliate filtration of silica is made, 
li, however, silica is removed aiul the filtrate again evaixirated to ilryness and the 
n'sidue heated, the amount of silica remaining in the acid extract is negligible. 
(See Article by Dr, \V. K, Jlillebraud, Jour. Am. Soc., 24.) 
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Notes. Lonhcr and TruoK iniiko tho f«il1owing ohsorvatioiis for dotoriniiiiii^ silica:^ 

t. In tho sodium carhonato fusion inofhod wilii silicate's, there is always a non- 
volatile* residue* when the silica is v«)latilized with hyelre)fluorie* and sulphuric aciel.s. 

2. The non-volatile re^sidiw e*em tains the? varie his base's, anel should be fusc'd with 
sodium carbemato and aeleled to the tiltrate from the silica when the bases are to be 
determined. 

3. In the dehydratiem of the silic.a from the hydreK*lile»rie ae*iel treatment of the 
fusion, the; temperature should ne*veT be alle>we*el te> ^e) above 1 10°. 

4. Dehydrateel silica is ayipreciably soluble in hydrexdiloric acid of all strengths. 
With the dilute aeiil used, this error is almost negligible. 

5. Dehydrated silica is slightly .soluble in solutions of the alkaline chlorides. A.s 
sodium chloride is always present from the sodium carlH)nate fusion, an inherent error 
is obviously thus introduced. 

0. The dehydrated silica along with the ma.ss of anhydrous (*hlorid(?s must, not be 
treated first with water, since hydrc’ ^sis causes the formation of insolulile basic chlorides 
of iron and aluminum, which do not dissolve completely in hydrochloric acid. 

7. Hydrochloric acid (.sp.gr. 1.1) in minimum amount should be used first to wet 
the dehydrate<l chloride's and should be followed by water te) bring the volume to 
about 50 cc., .after which the* silica shoulel be filtered ofT as quie*kly as pets.sible. 

S. Pure .silica e*om('s quickly to e*e)n.stant we'ight. on ignitiem. Slightly irnjHire 
silie*a freepieuitly ree|uires long h(\ating with the bl;ist flame in emler te> .attain c*e>nstant 
weight, anel is then e*e)mmoiilv liyelre>se*opic. 

9. Evapf)r.atie»ns of the ae*idul.ate*el fusiem in peH’celain give prae^t ieially .as g(je)el re*sults 
as when pl.atinuin is usc'd. 

10. Filtratiem of the* main bulk of the* .silie*a afte'r one evaporation is ele'sirable, ina.s- 
iniK'h as the silie'a is rt*moved at e)ne*e frenn the .sedutions which act as solvents. 

11. Dehydration e)f the ,silie*.a iinde’r rc'duce'el ])re'ssure has ne> advantage'.s over the 
commem evape)ration at orelinary .atme>si)herie* pressure. 

12. lOxevssive time of ele'hyelnition, viz., four hours, posse\ss('s no aelyant age's. 

13. Exc(*s.sive' amenints of .soeliuni e*arbemate' she)uiel be* ave)iete*el, sine*e the* sodium 
chlejriele subseapiently fornu'el e*x<*rts ji .solve'iit ae'tion e>n the .silic.a. The* lu'st propor- 
tie)ns are 4 5 .sexliiim (*arbonate te) 1 eif .silicate. D'ss than 4 parts e)f sodium e;arbonatc? 
is freeiuently iihsufficient e*oniple‘lely to de'ceimpose? many .silie*:i.le»s. 

14. The^ non-volatile re'sielue has be'en feHiiid to be invariably five from sodium. 
Pure silica, on fusiem with sodium carbonate, subsequently gives no non-vedatile resielue. 


ANALYSIS OF SILICATE OF SODA 
Determination of Na^O 

Five gnims of the sample .are dissolve'd in about I.IO ee. of water and heatcel; 
1 ec. of ])he‘nolphthale*iii is added anel then an excess of standard sulpliurie; acid 
from a bun^tte. The exe*ess acid is titrated with standard sodium h^alroxide; 
to a permanent pink. 

n 2 S 04 X(MW 2 I =^:h(K 

Silica. Ten grams of the sample are; acidifie*el with liydrex'lilorie acid and 
evaporatvd to dryne*.ss on tlie steaim hath. The lreatme*nt is repeated with adeli- 
tiemal hydrochleiric acid and then the residue? taken up with 5 cc. of the acid and 
2 (M) cc. of W'liter. Tho re'siduc is eligestod to disse)lve the soluble salts, filtered, 
washed and ignited. Silica is d(*lermined by lo.ss of weught by volatilization 
of tlie silica with hydrofluoric anel sulphuric acids. The filtrate is made to 1 liter. 

Iron and Alumina. Five hundred cc. (5 grams) of the filtrate from the silie'a 
determination are oxidized with HXO 3 and the iron and alumina precipitated 
with ammonia, wash(*d, ignited and wvighed as Al^Oa and Fe^^Os. The? residue 
is dissolved by digestion with hydre>chloric aciel or by fusion with soelium acid 

^ Victor Lenher and Emil Truog, Jour. Am. Chcin. Soc., 88 , 1050, May, 1916. 
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sulphate, and subsequent solution in hydroclilorie acid. Iron is determined by 
titration in a hot Iiydrochlorie acid solution with standard stannous cliloride, 
SnCU*, solution as usual. If otily a small amount of precipitate of iron and 
alumina is present, as is generally the ca.se, solution by hydrochloric acid is prefer- 
able to the fusion with the acid suljihate. The latter is usetl with larger anmunts 
of the oxides. 

Lime, CaO. This is determined in the filtrate from iron and alumina by 
precipitation as the oxalate and ignition to (’aO. 

Magnesia, MgO. This is deteimined in the filtrate from lime by precipita- 
tion with sodium ammonium phosphate. 'Fhe precipitate is ignited and weighed 
as MgaPaO, and calculated to MgO. Precii)itateX0..‘l<i2I =AigO. 

Combined Sulphuric Acid. One hundred cc. of the filtrate from the silica 
determination ( = 1 gram) is treated with liaC'Is solution and suljjhuric acid 
precipitated as llaSOi. 

BaS 04 X().-t 2()2 = ir»S 04 or X0.343() -SOa. 

Sodium Chloride. Ten grams of the silicate of soda arc; dissolved in lOO cc. 
of water and made acid with IINO 3 in slight excess and then alkaline with MgO. 
C31 is titrated with standard AgXtJa solution. 

Water. This is determined either by difference or by taking 10 grams to 
dryness and then heating over a flame and blasting to constant weight. 

Note. For <letuiled proc«*diires for eacjh of tlm alMwe se(! sperial subject. 

ANALYSIS OF SAND, COMMERCIAL VALUATION 

Silica. Two grams of the fiiudy ground material are fused in a ]>latinum cru- 
cible with 10 grams of fusion mixture (KjCOa-l-NaaOOa) by heating first ov(‘r a 
low flame and gra<lually increasing the heat to tin* full blast of a Altjker blast 
lamp. When the fusion has become clear it is cordetl by ixuiring on a large plati- 
num cover. The fused mass on the cover and that remaining in th<‘ ))latinum 
crucible are digested in a covered beaker with hot hydrochloric acid on the steaTii 
bath. The solution is now (ivaporahwl to tlryness, taken up with a little wat(*r 
and 2.'> cc. of concentrated HCl an<I again taken tf) dr^'iiess. Silica is now deter- 
mined by the pnx'eflure outlined un<ler the general method on pag(! 372. 

Ferric Oxide and Alumina. 'I'lie filfnite is oxulized with crystals of solid 
potassium chlorate, Kf’lOj, aiul iron ami ahiminum hydroxides precipitated 
with ammonia. The precipitate is filtered, Avashed, ignited and W'eighed as 
AUOa+FeaO,. 

Calcium Oxide. To the anunoniacal fdtrate 10 cc. of ammonium oxalate 
solution arc added, the solution heahid to boiling and tin; precipitate allow(‘d 
to settle until cold. Tlu? solution should not be over 200 cc. The calcium 
oxalate is filtered off, washed ami ignitml. The nisidue is weighed as CaO. 

Magnesium Oxide. The filtrate from the lime is made strongly ammoniac.nl 
and 10 cc. of sodium ammonium phosphate added. The solution during the 
addition is allowed to stand cold for some time, three to four hours. The pre- 
cipitate is fdtered and washed with dilute ammonia (1 of reagent to 3 p:irts of 
water), then ignited and weighed a.s MgsPsO,. This wtiight multii)lied by 
0.3621 =MgO. 

For more detailed directions sec the individual subjects under the chapters 
devoted to the element. 
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oxides, AgsO, Ag40, AgAh 

DETECTION 

A tr<iCG of silver in most siibstjinccs is ch-lcetod with grentest ('crtainty by 
furnaco assay methods. 

The mi vn thod of detection of silver most commonly j)racti<‘ed, de])ends upon 
observation of the properties of the precipitate formed by tlie addition of a not 
excessive amount of alkaline chloride to a cold nitri(! or sulidmric acid solution of 
the substam-e undergoing exaniinati<m. One-tenth milligram of silver precipi- 
tated as silver chloride in a cold 200-cc. acid solution gives a very iM'rceptibIc 
o])alescence to the li(|iiid. 

/SVhvr cMoridr is white when freshly preci])itated, tinted pink when palladium 
is present; in colorless liciuids on e.xjiosure to light turns blown, Auolet, blue or 
black. J}y agitation, heating or long standing the precipitate becomes coagulated 
or granular and in such a state is retained by an ordinary filter. The jircsence of 
some forms of organic matter jireviaits coagulation. 

Silver chloride! is dissolved by conceaitrated hydrochloric ai’id; raising the tem- 
lierature of the acid assists the action. It is dissolvi'd by sodium thiosulphate, 
alkali cyanides, mercuri<! nitrate, and alkaline chlorides. 

From mercurous chloride*, silver chloride*, e*xe*ept whe*n cemstituting a small 
proportion eif the pre'e’ipitate*, is distinguishe*el by its sedubility withemt eleeaunpeisi- 
tion in ammonia. Prc‘cipitation from its ammoniae>al seihition is ae;e'omplishe‘el by 
acidifying. Ijeael e’hleiride, pre'cipitable alsei by hydreiedileiric aciel, is neit fleierulent, 
elete's not eaiagulate, but elissolves e|uito fre*e*ly by heating. Aelelitiem of hydro- 
e-hleiriej acid te) a seilution eif silicem, tellurium, thallium, tungste*n eir molybelenum 
may produe*e a pre‘e*i|)itate*, in each case*, easily elistinguishable freun that eif silver 
chloriele*, but may mask tracers e>f the salt. 

Silver, in a cede! so1utie)n cemtaining fre*e nitric aciel, emly a small ameiunt of 
colore*d salts anel ne) mere-ury, may be eletected through the feirmation eif a white 
precipitate, similar in aiijiearance tei silver chleiriele, by aeldition of a slight 
excess of an alkaline! thiocyanate. 

Whe*!! a sedutiein eif silve*r salt ^ is aeleled tei a mixture of 20 cc. ammonium 
salicylate (20 gr ms. salicylie* aciel neutralized with ammemia, a slight exems addeel 
anel the whole made! up to 1(K)0 ce;.) and 20 cc. eif a 5% solutiem of ammeinium jicr- 
sulphate aelele'd, an inte'nse breiwn e-eileir is preiduced, which will detect the presence 
of a 0.01 milligram e)f silver. Le*ael eleies neit affect the test. 

AVhen it apiKjai'S that the eihlejiiele or thie)cyanate te*st fe)r silver is not positive 
on account of the pre*semce e)f other precipitjible elements, the precipitate, after it 

* A. W. Gregory, Chem. Soc. Proc., 24, 126, 1908. 
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settles, is filtered throu(;h the finest (juality of paiJer, and the mixture of the ash of 
the incinerated filter with dry potassium carbonate heated on charcoal with a 
mouth blowpipe. If silver is [)rosont and not associated with a large amount of 
palladium, there will be found on the charcoal pellicles of the color characteristic 
of silver, which have no white or yellow sublimate when melted in the oxidizing 
fiame of the blowpipe. The pink palladium sail s of silver j)re(!ipitated by a chloride 
or thiocyanate before the blowj)ipo produces metal which is dull in appearance and 
not readily melted. 

Notkh. Silver may be reeogni/,c<I in a solution of concentration 1 to 240,000 by 
the reduction of its .salts with alkaline forinaldchytic.* Whitby’s'- method of detec- 
tion and estimation of small amounts of silver di'pcnds ii]M>n the formation of a 
yellow color through addition of sucrose and sodium hydrate. Ammonium hydrate 
interferes, but bi.srmith, cadmium, I’opper, menairy of either valence, lead or zinc, in 
amounts equal to that of the .silver, tlo not.® Aluletest.a and DcNola add to the solu- 
tion to bo tested a few ilrops of u solution of nitrate of chromium ami then putaasium 
hydrate to alkalinity. A brownish turbidity or black iirecipitate of silver oxide forms. 
'The limit of sensitiveness is 0.!) milligram in 1(X) cc. 

ESTIMATION 

Silver is detenninod in cojiper, lead, silver, sulphur or other ores, in coi)per and 
lead furnace by-products, and in lea<l by furnace assay methods, in which a prelim 
inary acid treatment of the sample is rarely employed; in native copper ore, in 
copiwr, copiier alloys, gold, gold alloys and in the slime from the electrolytic refin- 
ing of copper or lead by furnace methods, in which a ])reliminary acid treatment of 
the sample is employed, in silver alloys by volumetric or gravimetric methods; 
in mercury by a gravitmdric im'thod ; in (lyanide mill solution or solutions contain- 
ing much organic! matt<>r by furnace process on tin* re.sidue obtained by evaisiration 
or jirecipitation; in silver ])lating electrolyte by electrolysis. 

Solubility. Nitric acid, dilute or concentrated, attacks silver rapidly wdien hot. 
The jireseiice of a soluble chloride, iodide or bromide in the solvent or substance 
will retard and may ])revent solution. I’nless oxidi/iiig agents are present, dilute 
sulphuric acid has jmictically no action on massive silver, but hot, strong acid 
commences to be an active solv(‘nt at a concentration of 7ri% Il.SO.j. Hydro- 
chloric acid attacks silv<*r su|M*rficially. The action of alkaline hydrates or car- 
Ixmates in solution is inapjireciable; in a slate of fu.sion, slight. 

Furnace Assay Methods. The.se will be described in the chapter devoted to 
that subject. 


GRAVIMETRIC METHODS 
Determination as Silver Chloride 

The method is not of extreme ai’curacy in the jin'sence of much antimony, 
mercury or load. By precipitating silver c’liloride in a well-diluted solution by a 
weak solution of the precipitant, the error, on aci’ount of its property of tcnaciou.sly 
retaining salts, may be made very small. Hei-ause of its tendency to decompose, 
the precipitate of silver chloride* should not be exiMised to du'cct sunlight or allowed 
to stand for many hours. 

1 Armani and Harboni, Zeit, Chem. Ind. Kolloidc, 6, 290. 

® Zeit. Anorg. Chem., 07, 02; C.A., 4, 1444. 

* Bull. Cbim. Farm., 52, 533. 
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To the hot nitric or sulphuric acid solution of silver, diluted to about 500 cc., 
is added, with constant stirring, a few cc. at a time, and to only slight excess, a 
solution of hydrochloric acid containing the per cent IICl. 

The precipitate of silver chloride is coagulated by heating, or brisk stirring, 
the liquid cooled to room terniieraturo and filtered tlmaigh a tared (Jooch crucible, 
which has been thickly bottomed with filx'r asl)eslos. The piocipitato is washed 
with water containing a little nitric aci«l. The <hied crucible is heated over a 
flame until the edges of the precipitate begin to fuse. 

AgClX0.752t)=Ag. 

Notr. Alifcld * adds 5 cc. ether to tli«> halide solution, before j)recipitation, to 
hasten coagulation. 

Determination as Silver Cyanide 

In the analysis of incrcurv, the nitric acid solution of flu! metal is nearly neu- 
tralized with a solution of soditini carbonate. Potjissimn cyanide .solution is then 
added until the prcciiatate, which first forms, is dissolverl. Then under a hood 
with strong draft, tliluto nitric acid is added in slight cx«‘<*ss of the ({uantity miuired 
to combine with the base in tla; amount of potu.ssiuni cy:mi<lc present. The 
precipitate of silver cj’anido, practically insoluble in dilute nitric, or hydrocyanic 
acid, is coagulated by stirring or long standing and filtered from the cold solution 
of mercuric nitrate by use of a tarcsl |)a|)cr-l)ottonu'd (looch crucible. The pre- 
cipitate is washed with eold dilute nitric acid ( I 10) until a t<‘st of t he washings with 
hydrogen sulphide .shows the absence of mercury. Tin? crucible is <lried at 212“ 
to constant weight. 

AgCXXO.SO.'lT =Ag. 

NerrKS. Determination of .silver as metal through precipitation with hyi)ophos- 
phorous acid ^ us silver sul])hide or .as silver chromate * are methods of doubtful 
technical upplicatiuii. 


Electrolytic Method ‘ 

According to the strength of the silver hath It) or 20 cc. are filtered into a tared 
200-ec. ])Iatinum tiish and aeeonling to the greater <»r smaller excess of cyanide 
pre.scnt, i 1 gram of pota.ssium ey.anide in .solution is a<l(led. 1'ho electrolyte 
diluted to about a half inch from tlic (slgc of the dish is kept, by a flame under- 
neath, at a temi)eratim^ of 140 to 140“ l'\ during the jKwiod of elec.trolysis at 
N.D.,.,«=0.0Samp. 

Complete ])recipitation, which re(|uires Ihret* to three and a half hours, is 
recognized by test with ammonium sulphide. Without interruption of the cur- 
rent, by use of a si])bon, displacement of the electrolyte with water is accomplished. 
The dish is rinsed with alcohol and ether, dried at 212“, weighed and silver obtained 
calculated to grams per liter or cubic foot. 

Notes. Benner and Boss deposit 0.1.5 gram in twenty minutes with a current of 
3 anijxjrcs from .50 cc. of electrolyte eotitnining K grams potassium cyanide and 2 
grams potassium hydrate on a 9-gram platinum gauze cathode. 

^ Z. anal. Chem., 48, 79. 

* Mawrow and Mollow, Zeit anorg. Chem., 61, 96. 

* Gooch and Bosworth, Am. J. Sei., 27, 241. 

* Langbcin, “ Klectro-Dcposition of Metals,” 6th Ed. 
e J. A. C. S., July, 1911, 1106. 
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^ Exner ‘ using a platinum dish as the cathode and a 2-in. diameter bowl-shaped 
spiral anode revolving 700 R.P.M., deposited 0.4000 gram from about 125 cc. of a 
hot electrolyte containing 2 grams potassium cyanide in ten minutes at N.D.ioo 2 
amps. 

The above methods presume the absence of other metals precipitable under the con' 
ditions mentioned. 


VOLUMETRIC METHODS 

Volhard’s Thiocyanate Method. This method is especially adapted to de- 
termination of moderate quantitie.s of silver in cold dilute nitri<! acid solutions 
which contain no mercury, nitrous acid, or a greater amount of yellow, red or 
brown-colored salts than will give an appreciable lint to the solution, and not .so 
large amount of blue salts as will mask the ond-pf>int. 

The presence of pai’adium and silver chloride interfere with the accuracy of 
the detemination. Bromitle or iodide <>1 silver “ may be present. 

The method is based on the greater affinity of silver tlian ferric for thiocyanab; 
ions. When silver thiocyanalo has been completely precipitated, the excess of 
alkali thiocyanate, in the presenci* of free; nitric acid, reacts with a ferric salt, with 
formation of a reddi.sh-browti solution of ferric; thiocyanate*. 

The ferric indicator may be made from ferric ammonium sulphate, f(*rric 
nitrate or from ferrous sulphate by adding a large e.xcess of nitric acid to its coii- 
centratetl solution and boiling to decompo.se nitrous acid. \Vhatev(*r salt is usihI 
for indicator it should be free of chlorine, its .solution made of constant ferric 
strength and ii.s(*d in quantities giadiiatc'd according to the volume of the liipiid 
titrutc'd. A saturated solution ol lerric ammonium sulphate* (1 cc. to e*ae*h 20 e‘e*. 
of the liejuiel to be titrate'd), is a conve*me*iit form of indie-ator. The sbinelard 
solution commonly employed for the d(*te*iminatie>ii ol silver in silver plate, lor 
the trial assay of Doris metal and for the a.ssa.v of ,silve*r bullion by the (Jay-biissac 
pipette method lias a .silver value of 10 milligram, s pe’r ce*. Since both the e-om- 
Tiioiily employeel thiocyanate .salts are d(*liepie*se*i*nl, it is uniie*ce!.s,s;iry to W(*igh 
out the exae*t cpiantity. Ammonium is J<*.ss like*ly to i-ontain chlorine than 
IH>tas.sium thiocyanate. In the decimal solution fsilve*!’ value I milligram jier 
cc.), the liter content is 0.7 O.S gram of ammonium or O.O-l.O gram of po- 
tassium thiocj'anate. yolution is made with chlorine-free water. 

For standardizing the decimal solution, 1 gram of standard silver is dissolved 
in a funiiel-clo,sed liter ilask by 20 cc;. of eciual volumes of nitric acid and wat<*r. 
After boiling to decomixise nitrous acid the solution is made up to mark with 
water at room temiierat ure. 

When using the standard thiocyanate solution with the obje(;t of obtaining v'ory 
accurate results, it is good pra(*tice, inst(‘ad of using a standard solution of silver, 
to obtain the standard by titrating, simultaneously with the as.says, solutions of 
known (plant it ies of standard silver approxinuilely ecpial in amount and dissolved 
in the same manner as the assays. 

In the o|K*ration of tit ration, after addition of the prescribed proportion of ferric 
indicator, standard thiocyanate solution is added from a burette to the c.old silver 
solution in fiOO-cc. Krlenmeyer flask, until the rate of bleaching of the reddish- 
brown color slackens; then cautiously, with vigorous agitation after each addition, 

» J. A. C. S., Sept., 1903, 900- 
* Ilosanoff and Uill, J. A. C. S., March. 1907, 273. 
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until the liquid shows a tendency to become clear above the settled precipitate and 
a reddish tint persists. The end-point tint obtained in standardizing the thio- 
cyanate should be matched in titrating the assay solutions. In case the end-point 
is overrun, standard silver solution may be added until the correct tint is obtained, 
allowance being made for silver so added. 

Since the shade of color at the end-point is dependent upon the concentration 
of ferric salt and inasmuch as volume, temperature, amount of free nitric acid and 
amount of silver present are conditions which have more or less influence upon 
the determination, such conditions as prevailed during the standardization of the 
thiocyanate solution should be maintained in the operation of the assay. 

Notes. Separation from colored s.alts may be brought about by precipitating the 
silver with a very slight excess of thiocyanate, allowing the nrctu'pitate to settle until 
the residual liquor is clear, w.ashing by decantation through an alundiim filter cone 
or asbestos-botUuned Coot'h cru<‘ible, placing the filt<*r and contents in the flask in which 
precipitation took |)lace, .ad<ling strong nitric acid and heating until all silver thiocyanate 
is decomposed. Titration is made on the cold <lilutc solution. 

Palladium, in (piantity sufficient to color the sohitif»n, can be eliminated by re- 
moval of free acid through evaporation just to dryness, immediately taking up 
with w'aler and adding a drop or two of u saturated solution of sodium acetate, 
(free of chlorine). Pure carbon monoxide; is passed until the hot liipiid is decolor- 
ized. The filtrate from the palladium after addition of an excess of nitric acid is 
titrated w’hen cold. 

When part of the silver is present as silver chloride, .as an uinn’oi<lable product 
of the anjily.sis, it should be removed by filtnilion and reduced on the filter with 
zin<! dust after nunoval of the filtnite. The reduced .silvcT is waslusl frw; of chlor- 
ide, dissolved with hot 20^0 nitric acid, the solution w.ashod from the filter, con- 
centrated by boiling and added to the filtrate from the .silver chloride. Titration 
may then be mad<* on tla; sil\'(*r solution. 

In tin; aiiplicjit ion of t la; \ Olhard method to the assay of a cyanide mill solution,* 
a mejisured volume of the .solution is nm through a i-in. layer of zinc dust in a 
(Jooch crucible with care to keej) the zinc always covered with the .solution. The 
ziiH! washed into bt'.-iker, is c.Mutiously dissolves! with nitric acid, the solution 
boiled, diluted and, when cold, titrated w'ith a thiocyanate solution which has 
be(*n standardizetl by a silver solution which contains an amount of zinc the same 
as used in the process of reduct ioii. 

Gay-Lussac Method 

This very accurate method is especially adapted to the valuation of silver 
bullion, but may be applied in principle to tlu; determination of silver in a nitric 
acid solution which contains as little as J(M) milligrams of the metal, providing the 
volume of th<» .solution is not so large or col(»r so deep as to make a precipitate of 
silver chlorid(! ecpiivalent to 0.1 milligr nn of silver indistinguishable. Metals 
whose presence interfere are menairy and tin. 

The method is buinded upon the almost absolute insolubility of silver chloride 
or broiniile in cold dilute nitric acid .and the proiierty of the precipitate becoming 
so comidetely coagulated through agitation that it settles speedily, leaving a 

* Clevenger, lOng. and Min. J., S6, 892, 1913. 
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liquid sufficiently clear to permit of observance of any precipitate produced by 
further addition of precipitant. 

The presence of free sulphuric acid is prejudicial to a very close determination, 
because of the volume of liquid rt'quircd to keep silver sulphate in solution, and 
also because the result of af^itatioii after addition of precipitant, is apt to be a 
fine precipitate whi<*h ch)es not readily settle. 

The use of a bromide is preferable to a chloride salt as a reagent, because its 
silver salt is less alTected by light, coagulates and settles more readily, will suffer 
more agitation before formation of a line, .slowly settling precipitate, but chiefly 
because on account of the greater insolubility of silver bromide, the end-point of 
the ofxjration of titration is more sharply dcdincfl. 

The reagenks retpiired consist of chlorine-frec* nitric acid, as standard .solution 
of an alkali bromide or chloride of approximat(*ly decinormal stivnglh, a decimal 
solution of the same salt having a silver-precipitating value of 1 milligram per cc., 
and a decimal silver solution containing 1 milligram of silver jx^r cc. in the 
form of silver nitrate. 

In the assay <»f silver bullion, the standard .solution may contain 5.42 gr.ams of 
sodium chloride or 11. OU grams C)f polas.siuni bromide or {>.51 grams of dry so- 
dium bromide jxir liter, and should have a silver preciiiitating value, as indicated 
by the method, of about 1 gram |M‘r 1(K) cc. 

The factor of volume chaiigi' pcir flegret! change of temp(*rature from 1.5 to 21 ^ C. 
is approximately 0.00012; from 20 to 20°, 0.00011); from 25 to ;U° C., 0.00024. 

Although the approximate ]>re(‘ipitating value should be known by previous 
test, it is the better praidice to determine the exact value by running two «>r more 
checks of pure silv<‘r simultaneously with each batch of a-ssaj’S than to apply 
the tcini)erature correction factor. 

The decimal .salt solution is be.st made from C.P. salts, either 0.5149 gram 
sodium chloride or l.lOliH grams potassium bromide per liter. 

The decimal silver solution is made by dissolving 1 gram of jairo .silver with a 
few cc. of nitric aci»l and making up to 1 liter with distilled water. (See Method 
for Vreparation of I’ure Salver, page .‘kSl.) 

The apparatus r<*(juire<l consists of a piindte which will deliver ai)proximately 
100 cc. with an accuracy of not over 5 milligrams v.‘iriati»)n in weight <»f the .stand- 
ard solution at constant tomi)erature between succe.s.si\ e <lel ivories, 10-c(!. burettes 
with glass stopcocks; an«l S-oz. narrow mouth, round, flint-gla.ss bottkis with high, 
tightly fitting stoppers; the assay bottles should bo of a quality which will endure 
heating in a steam bath or in a hot plate. 

The Stas or llicketts overflow pipette, list«*d b}"^ all laboratory supply firms, is 
the tyiHJ mo.st commonly used. This pipette is filled by gravity fl(»w through 
a rubber tube from the standard .solution re.s<*rvoir connected to the discharge- 
end. When the liciuid overflows, the top is clt)sed by finger, the pinchcock closed, 
the supply tube removed and the hanging «lrop w'i|}ed off. 

Care to avoid introdindion of air bubbles intt) the pii)ette, uniform habit in 
respect to prcs.sure of tlu; fing(‘r on the top, and method of wiping off the hanging 
drop, must be practiced to obtiiin good results. 

The automatic dividing lapette with thnni-way stopcock .shown in the illustra- 
tion, will give remarkably accurate deliveries when proix;rly constructed and 
manipulated. This tjqie of piixdtci of the form ordinarily furnished by supply 
houses, will rarely deliver with suflicieuit accuracy for bullion aasays. 

Since the end-point by the Gay-Lus.s:ic method depends upon the observance 
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of cessation of precipitation, it is evident, in order to aA'oid undue tediousness 
in its operation, that the silver content of the amount of sample taken for assay 
should be known within a few milligrams. 

This may bo ascertained by assay of 1 gram of the sample by the Volhard 
method, using a thiocyanate solution of decinormal strength, or by cupellation with 
application of a correction for cupel absorption. 

The approximate silver value having been determined, such an amount of 
the sample is weighed out and piaced in an ns.say liottle, nswill contain silver in 
slight excess of the silver equivalent of the pipette fult of standard salt solution. 
Ten to 15 cc. t)f nitric (1.26 sp.gr.) acid are added and the bottle kept in a steam 
bath or on a moderately hot plate until solution j>f silver is complete. 



Fig. 59. — Apparatus for Determining Silver. Gay-Lussac Method. 


To the cold solution of the ssunpic is ad<led a pii)ette full of the standard salt 
solution and the tightly .stopjxjrcd bottle agitated until the preciiwtate will settle 
with sufficient compl<*lcne.s.s to permit of ob.scrvance of {.ny turbidity produced 
by addition of either of thts decimal .solutions. 

More agitation than is absolutely inicessary shoukl be avohled, because of the 
increasing leiulency of the ]jrccipitate toward the fine granular form, which settles 
.slowly. 

On account of alteration of the character oi iiie precipitate by sunlight, 
the titration should be carried out in a shaded place and as ex|x;ditiously as 
jx)s.sible. 

One-tenth cc. of the decimal sfilt solution is drr)pped into the lx)ttle, and holding 
the bottle against a dark background, the ap{)earuiice of the cloud of precipitate 
is noted. 
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From the character of the precipitate, after some j)ractice, it is i)ossiblo to judge 
whether a single cc. or more may be added at onc(!, or \vlietli(*r the titration must 
be continued I)y one-tenth cc. additions. 

Until the non-appoaranc^e of cloudinc'ss indicates the end-point, (he bottle 
should be agitated after each addition of dc'ciinal salt solution. 

If the pipette full of standard solution is mon* than sufficient to precipitate the 
silver, or in case the end-point lias lanai run over, decimal sih er solution is added 
in 1 cc. portions until precipitation ceases. Decimal salt solution is then added 
cautiously until the end-point is reachcHl. Completion of the (itration should 
always be with the decimal salt solution. Some' confusion in judgment of tin' end- 
point may arise, on account of the fact that an excels of sodium chhiride produces 
turbidity. The a])pearance of tiu* cloud so protliicc'd is eh iracl.taisf ic, and can lx? 
distinguished after some practice from that exhibited wheti silver is still in exc(‘ss. 
If liromide standard and (h'cimal solutions are used, excess of the retigent produces 
a turbul film only after long standing. 

The silver value iu milligrams of the stanclard solution, plus (lu* uuiiiImm- of (a;, 
of dc'cimal salt solution which produced a preeif)itat(*, minus the? number of c(\ 
of decimal silver solution added, gives the amount of silver in the (|uanlily of sam- 
ple weighed out. 

The result calcuhited to milligrams silvan* pen* gram of sampler is customarily 
reportcal in tlie case of silver bullion as points nmni(\ss. 

Th (5 nccairacy of th(^ method is limitcal by tin? ({uality of ])ipotto and (li(» skill of 
the oiK'rator. With a pipette which dedivan's a(*curat(dy an (‘Xp(»ri(Mie(‘d operator 
can s|)eedily make analyses in which the error is only of the order of plus or minus 
0.1 milligram of sihw. In the comparison of purity of samph's of pun' silva'r, 
it is customary to carry out detcriuiiiatioiis to the limit of the kiiovvai accuracy 
of the pipette delivery. 

Notks. If the amount of mercury present is very smnll, addition of 20 cc. of a 
saturated solution of sodinin acetate and seva^ral cc. of acetic? aedd Ixd’on' iutnxhudiou 
of the standard salt solution will ])i\‘vc‘nt prcjeipilatioii of cdiUudile of mercury. WIhmi 
the cjuantity of mercury is so large that this iiiethcxl fails, thi? (luaiitit y of silver woigliod 
out IS lieated several hours at a red h«»a1. in a small covenxl crueihle surrounded hy 
coarsely powdered chan*oal witliin a cov'cavd c*nicil>lo of larger size. 

When tin is known to he present ' in (lu; hullion to the extent of loss than 5^,', 
2 grains tartaric are added to the. assay bottle and dissoIvcMl with li or I cc. hot watca*. 
Wluai tlie liquid is rexd, 10 oc. iiitrie acid (I.*2t> sp.gr.) arc‘ addc'd and solution of tlio 
bullion elTooted by the action of acid without the aid of lu;at. Unless prcv^caitcxl from 
forming by addition of tartaric acid, metastaniiio acid stays in suspension and ol)scures 
the end-point. If more than f)^^ of tifi is present, such an amount of the sample; should 
be weigheel out which will niako the tin content of the assay lo.ss than 50 milligrams. 
A weighed amount of pure silve'i* is added suflicient to make tiu; total silver present in 
the assay slightly more than tlu' silve'i* value of the standard salt solution and the 
method of solution carried out as des€*ril>ed. 

No pipette is of use; in the practi<*e of the (lay-bussae method which shows any 
teiulency to spatter at the Ix'ginning or euiding, or yiedds a <jui<*klv following or cling- 
ing drop at the completion of discharge. The film of licpiid adherent to the inner sur- 
face of the body of a good pipette will drain without sign of rivulet elToet and be 
retained by the capillary of tlie discharge tube for at least a minute. 

Determinations ean be made without the use of the pipette by in'trodueing the 
preci])itanl in the form of a weighed amount of the standard solution or of linely 
powdered imre dry salt, after dilution of the silv'cr sulutioii to about 125 cc. The 
^ L. E. Salas, Bull. I. M. E., 207.* 

am iiifoniiod by the author that thiai method used at tho Iloy.'il Mint, London, for silver bul- 
lion containing tin. — N otk iir Koituu. 



SILVER 


383 


silver value of the salt should be determined by carrying out the operations of 
the method on pure silver. 


Combination Methods 

Combination of the operations of the (Jay-Lussac and Volhard methods have 
been devised to avoid the tediousness ineident to the i)erfonnanee of the Gay- 
Lussac method by the unexperienced. l\y the modilied metht)ds the amount of 
sample to be weighed out is d(*1e. jiined by jm'liininary assay, and is dissolved in 
the same manner as in the practice of tlie (Jay-Lussae nu'thod, but with the added 
precaution lo decompose nitrous acid in the silver solution by gentle boiling when 
compl(‘tion of the titration is to be accomplislu'd by the Volhard method. 

Tlai operation of the combination methods consists brielly of precipitation of 
all but a few milligranis of silver by a staialard solution of alkali thiocyanate, 
chloride or l)romide ad<l('d from the Stas piped fe and estimation of the excess of 
silver with a decimal solution of thiocyanate or l)y a colorijiiejtric or nephelometric 
mcdhoel. 

'^riie proceMlure fav^orcel i)y the writeT is to u-ie i standard solution of ])ot.assium bro- 
mide as the pipette ])recipitan1 . After the iicpiid is cleared by shaking, itisdeeanled 
as comi)h*i(dy as ])ossil)le into a AOO-cc. ha*lt‘mn(\ver flask. 'The precipitate is washed 
i)y fiv(‘ iiU-cc. porlicms of water <*onfaining a lillh* nitrous-frcc nitric acid, each por- 
tion iM'ing shaken before d(M‘anting. t'^iiig the same' amount of ferric indicator as in 
the check assays, di'cimal thiocyaiial(‘ sohil ion isaddt'd until not a V(‘ry dec|) tint remains 
permanent after vigorous agitation. Decinorrnal silvcT ‘solution is then adih^al until 
the tint is discharged. W’lten the* assay is siitli<*iently free of copper or other colored 
salts to permit accurate matching ()f tints, the decaiitcMl lic|iiid, which may contain 
parfir*l(‘S of silver l)romidc without intcM-fcrcncc, is titrated with deeirnal thioeyanate 
to the appearance of a tint wliieh will match that of the cheek assays. Kxcejpt when 
colored salts an* pr(\s<‘iit in sueli ejuantity as to make nM'ognitU)n of the point of bleach- 
ing of th(‘ baric thiocyanate coloration uncertain, the extreme range of error is O.a 
jiart per 1 ()()(). 

h’or colorimetric method, see Smith, I.M.M Hull. No. 2S. Determination of the 
residual silver in tlu^ filtrate from tin* tlummghly washed silver bromide prcci]>itate is 
]>racticable by use of a suitable ne])helometric aiiparatus.^ 


Denige’s Cyanide Method 2 

Silver which has bciui iirecipitatcal as chloride may be determined volumetric- 
ally by dissolving the pn'cipitate with a measured cpianfity of a standard solution 
of i)otassium cyanide of about decinorinal strength. 

AgCl+2KCN -KAg(CN)i2+KCL 

Potassium iodide is tlum added and the excess of standard potassium cyanide 
solution determined by addition of potassium iodide and titration to the first ap- 
pearance of a permanent procupitate with decirnormal silver nitrate. 

AgN03+Kr = Agl+KNO^; AgI+2KCN =KAg(CN)2+KL 

Non s. If the last portion of the preciiiitato of silver chloride dissolves with diffi- 
culty in the ])otassium cyiuiide, the liquid may be decanted into another beaker and 
solution C()mi>le1(Ml with ammonia. The solutions arc combined. 

' Hichards ami Wells, Ain. Chern. J., 235, 1003; llichards, ibid., 510, 1906; Rich- 
ards, Goiii. Kth Int. ('ong. Ap. (.^hem., Sec. 1, 42.3. 

2 Clennell, 33ic Cyanide Handbook,” 433. 
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Kxtremo {K^nsitivoncsfl is claimed for the method if ccntinormal solutions be 
used and the opalescence indicutinK the end-point be deterted by a beam of light across 
the liquid. 

Miscellaneous Volumetric Methods 

Silver may bo determined by addition from a burette of a portion of a known 
volume of its neutral or slightly acid solution to a standard solution of sodium 
chloride which contains a little p<»tassiuni chromsite or bichromate and sufficient 
chlorine-free magnesium oxide emulsion to neutrali/e free acid. The end-point 
is indicated by the formation of a reddish or brf)wn ])rccipitate. 

By Pisani’s Method ‘ a standard solution of iodide of starch is added to a very 
dilute neutral solution of nitrate of silv'er until the fluid becomes ijeriiuinently blue. 

By Vogel’s Modification of Pisani’s Method,^ the silver solution, which may 
contain free acad, is titrated with standard .starcli iodide solution after addition of 
nitric acid containing nitrous acid. 

By Andrews’ Modification,^ the standard solution of starch iodide is added to 
a solution of silver nitrate which contains so much ferrous nitrate or sulphate that 
iron will be in excess of the silver piesent. 

2AgNO,-|-2Fe(X( ),),+!. =2AgI-f2Fe(N():0a 

By Gooch and Bosworth’s Method,' silver is determined by precipitating with 
an e.x<*«!ss of jwjtassium chromate, (lis.solving tla; preci])itate in ammonia, r(‘])re- 
cipitating by boiling to low volume and determining iodoinetrically either the 
chnmuite ion combine<l with the silver, or that remaining after ]>rccipitating the 
silver with a known amount of standard potassium chromate.^ 

Nephelometric Method 

This method is practicable for the determination of a small concentration of 
silver in a clear and colorless Ihiuid. I^ess than 2 ini'ligram'! of silver can be esti 
mated with c»)nsiderable accuracy by matching the opalescc'iice produced by a drop 
of hydrochloric acitl with that from a known (luaniity in a liciuid of the same volume, 
depth and temperature. Intensity of opale.scence attains the ma.ximum in about 
five minutes after i)recipitation. Standard silver solution is made by dissolving 
500 iniM'g ams standard silver (see I’reparation at close of chapter) with several cc. 
of dilute nitric in a litetr flask and making the solution up to the murk. For most 
technical determinations the apparatus may consist of clear glass (iylinders (color 
tubes) of suitable size. More accuracy can be arrived at by use of a nephelometer 
of refinetl construction, for example • the combination of a projection lantern 
ai:d a Duboscaj colorimeter. 

Preparation of Pure Silver. The volumetric methods usetl for the determination 
of higli percentages of silver, employ solutions which shoidd be standardized by metal 
of the highest j)urity. For the preparation of this metal, the ele»-trolytic method as 
dcse.ril)cd below is preferred by laboratorkis which arc suitably eciuippeu. 

‘ Robiere, Hull. So»‘. Chim., 17, :i06, 1015; J. S. C. I., Oct. 30, lOlJj, 1073. 

* Freseniua, “ Quantitative Analysis.” 

* Zeit. fiir Anorg. Chein., 2C, 175. 

* /Vm. .1. Sei., 27, 302. 

* Am. Chem. Soc. Chem. Al)s., Aug. 10, 1909, 1735. 

* Wells, Am. Chem. J., 35, 99, 508; Richards, Am. Chem. J., 36, 510; Dicnert, Compt. 
rend., 158, 1117. 
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For the manufacture of a large quantity — several potinds — a basket-like support 
for the anode is made of several ghiss rods bent so that they will hang from the rim of 
a tall l()00-cc. or larger beaker or battery jar and dip into the receptacle about an inch. 

Smaller anotles may be supported by the positive wire or by a cloth bag fixed in 
place by a string under the flare of the rim of the beaker. In any arrangement for the 
sup]K»rt of the anode, allowance of room should be made for the introduction and 
free, ifioveinent of an li-shaped stirring rod. 

The cathode may consist of slu'cd. silver or of ])1atinum foil, and lies flat on the bot- 
tom of the beaker, "riio imnierst'd length of the silver or platinum wire leading from 
the catliodc should be covered with rubber tubing. 

C\jmmercial silvtT, usually about 9!M) tine, may l)e used for the anode, but by retreat- 
ment of the dej)osit, very iiiqmre silver may be used, providing that the quantity 
of tc^llurium i)re‘3ont is very low. The presence of tellurium will exhibit itself in the 
impossiliility of obtaining (he desired coarsely erystalline d(‘posit. 

Tellurium in moderate quantities be reni*)vi*d by melting the silver in a erueiblo 
or seorifier, adding niter, permitting the silver to ru'arly freeze, raising the temperature 
and ])ouring into a hot <*nicible or seorifuT in whi<*h the operation is repeated, j)referably 
in a muffle furna<*e, until the surface of thc' silver is wit bout streaks «>r spots when cooled 
to near freezing. An oxidizing filinos]>here about, tlie molten metal should be main- 
tain(‘d. On the basis of 172 grams silv(T per cubic inch an anodes mould ff»r any con- 
venient amount of silver may b(‘ sliaped from l-in. piee(*s of 1-in. square rod on a smooth 
iron platf* Just b('for(‘ (he anode ])ar sets in th(‘ mould, a silver terminal strip or wire 
is pl»ing«*d into it. 

After coating the eontaef. wire or strip ancl (he surface of (he anode about it with 
sealing wax, the anode is trapped with filtca* paper, laJd firmly in place by string or 
rubber l)ands. If tla^ anod(‘ weighs half a pound or more, tiu* anode is also wrapped 
with cotton tlanniJ which has been waslual with water until free <sf chloride. A porous 
dish, eylindcT or filter cone can be used instead of lilh^r paper and cloth. 

The electrolyte contains about of silver nitrate and half a per cent of chlor- 
ine-fr(‘e nitric acid in distilled water, and fills the beaker or jar so it wets only thc lower 
surface of the anode. 

Th(‘ current, of about 0.1 anijH're per square iueli of cathode surface*, at (he start, 
is raised after deposit kui has proeecalcMl for a few' niiiiutc*s to the limit at which a coarsely 
crystaJliiiii <l(*posit. can be maintained. 

liKismueh as the elc'ctrolysis |>roc(M'ds at a rate of *1 grams ])er ampere hour, some 
attention is najuin'd to break up short circuits and to pa<‘k down the rather bulky 
deposit. The dei)osit, if coarse*, can be w'ashed very easily fr(*c‘ of electrolyte, and after 
heating to n(*ar r<»dness is in the* form ])referred for use by many assayers. 

Otlu'r methods which may be employed consist of dissolving the crude silver with 
nitric acid al)out 1.20 sp.gr. or with hot concentrated sulphuric acid, if platinum is pres- 
ent, separating thc gold and platinum by filtration, ])reeipitatiiig AgCl with not too 
large an excess of 11(1, stirring the ]m‘cipit.at.e until it coagulates, washing repeatedly 
with hot water until a w'ashing is obtained which .shows no i)re(!ipitate with IIjS, 
reclucing the silver <?hloride by contact witli ])ure zinc, wrought iron or the silver ter- 
minal of a carlxm-silver couple aluminum foil, and W'asliing with hot dilute TICl until 
a test of tlie decanted licpiid iinlic*at€\s absence of the precipitating clement. The 
drieil silvc^r, mixed with about 1% of dry sodium carlioiiatc, is packed into a clay 
crucible, llie inside of which has been glazed with borax glass and covered with a 
lay€‘r of crushed charcoal. 

Thc sodium carbonate is omitte<l in case it is desired to melt silver refined by 
elcctn)lysis. 

The silver melt('d in thi^ tiglitly (*ova*roil crucibh* is poured into an iron mould which 
has been chalked or Idack leadial. 

lly Kiiorr’s method,* a .solution of silver nitrate from wdiich excess of nitric acid has 
been removed by evaporation is freed of metallic impurities l)y adding enough sodium 
carbonate to precipitate one-tenth of the silver, boiling and filtering. The silver in the 
filtrate is pr(*cipitat(Ml by sodium carbonate ami the precipitate decomposed without 
addition of reducing reagent, by melting in a crucible. Excess sodium carbonate 
carried down with the precipitate of silver carbonate will cover the fusion and such as 
adheres tightly to the metal is readily removed by hydrochloric acid- The metal 
should be smelted under charcoal. 

1 Liddell, Metallurgists and Chemists’ Handbook.” 



386 


SILVER 


If tno cover of the charcoul is omitted or burned away during the fusion, the rnoUeH 
tnetul is capable of absorbing oxvgcn from the atmosphere) to the extent ot about 0 25% 
of its weight. This gas is expelled during the passage of the metal into the solid state* 
and produces a casting which cannot be rolled into smooth sheets 

The niost convenient size and shape of castings for rolling is but little larger than a 
lead pencil. Before rolling, the casting is cleaned of particles of the mould wash After 
rolling to about cardboard thickness, the sheets may be cut up into strips of conv^gnient 
size and length, then digested with dilute hydrochloric acid (1 to 5 of water) washed 
with ammonia and finally with pure water. 

The silver then should be dried and annealed bjyr heating to redness. It is best 
preserved in a glass-stoppered, salt-mouth bottle and should be exposed to laboratory 
atmosphere as little as possible. 

The purity of each batch of silver made should be compared by use of the Gay-Lussac 
method with standard silver, the purity of which has been determined by analysis of 
a 50- or 100-gm. portion for Se and Tc, As, Sb, Pb, Cu, Au, and the element employed 
in reducing silver chloride, if the reduction method was followed in the manufacture 
of the metal. 



STRONTIUM 

WlLKKKU \y. ScJOlT 

Sr"t ttUwt, 87.6:<; 8p.gr. m.p. DOO^C; oxides SrO and SrOj. 


DETECTION 

Strontium is prccipitjvt<*d with barium and cahiium, in the liltrate, from the 
anunonium sulj)hido group, by addition of ammonium carbonate to the ammo- 
nia(!al solution. The precipitate is dissohvd in aet *1 ie acid and treated with potas- 
tassium di(;liromate, and tlie barium tillered off as lia(’r(b. Strontium and cal- 
cium in the liltrate are separatiid from tlu; excess of potassium (rhromate by 
rcprecipitation as carbonates by the addition of ammonium carbonate, the 
precipitate again diss»>lvcd in acetic acid and tlu; excess of fr(*e acid neutralized 
with ammonia. Slrontium nuiy now be procipit:itwl from the (;onccntrated solu- 
tion by boiling witli an e(iual volume of a saturated solution of calcium sulphate. 

Sodium Sulphate Test. A saturat(‘d solution of the salt added to a solution 
containing strontium chloride, made strongly acid with acetic acid, and the 
mixture boiled, will produce a distinct precipitate if strontium exceeds 0.0015 
normal. Calcium does not precipitate until l.ill normality is naichcd.* 

Flame Test. Strontium, jireferably in the form of the (ddoridc in a hydro- 
chloric acid solution, placed on a platinum loop and held in a colorless flame, 
colors the flame crimson. (Lithium gives a red color, calcium a yellowish-red.) 
The test is best confirmed by means of the spectroscojM'. 

The Spectra of Strontium. Eight bright Jiands; (> are red, 1 orange, 1 blue. 
Two of these, known as strontium and 7 , are r(‘d, the orange is strontium a and 
the blue strontium 5 . The dcdicacy of the test is 0.0 milligram Sr per cc. The 
test is very much more delicate with the arc spectra, e.g,, 0.03 milligram Sr per 
cc. See chapter on barium, I’reliminary I’ests under Separations. 


ESTIMATION 

Strontium never occurs free in nature. It is found principally in the ores 
celestine, SrSO^, and strontianite, SrCO*. It generally accompanies calcium 
in the various forms of calcite and aragonite. It occurs with barium in bary- 
tocelestlnc, and is found in barytes. It also occurs associated with barium as 
a silicate in brewsteritc, Al 2 ()j*lL(IlaSr) 0 a*(Si()!i) 6 » 3 H 20 . It is found in traces 
in certain mineral waters and in sea-water. 

The compounds of strontium are used for medicinal purposes; for red fire in 
pyrotechnics; for the manufacture of iridescent glass; the dioxide for bleaching 
jnirposcs; the sulphide for luminous paint; the hydroxide ffir refining of beet- 
root sugar, being preferable to lime, as the saccharate of strontia is more granular. 


1 J. D. Hinds, Jour. Am. Chem. Soc., 36, 301, 1911. 
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Preparation and Solution of the Sample 

The following facts regarding solubility may be of value in the determination of 
strontium. KM) cc. of water dissolves 1,74 grains Sr(OH)s-HsO at 20° C. The 
hydroxide is less soluble than that of barium. The peroxide dissolves to the 
extent of only 0.008 gram per 100 cc. 20° C. One hundred cc. of water disiltives 
0.0011 gram ^ SrOO, (18°); 0.0114 gram HrSOi at 18° and 0.0101 at 100°; the 
presence of sulphuric acid decreases this solubility, i.o., 0.00088 gram SrS04; 
0.0051 gram SrC*04*ll20 at 18° and 5 grams at 1(K)° O.; the pre.sence of oxalic 
acid decreases this solubility. The sulphate dissolves in concentrated sulphuric 
acid, and is appreciably soluble in IIC8, lINOa, IlCyiaO*, N114C1, NII4NO3, 
NaCl, MgdU. The cnrixjnate and oxalate are soluble in mineral acids. 

The procedure for the treatment of ores and slrontium products is the same 
as those descrilMid f<ir barium and calcium. We refer to the chapters on these 
elements for the preparation of the strontium solution. 

SEPARATIONS 

Separation of Strontium from Magnesium and the Alkalies. The pro- 
cedure is the same as the one given in detail uiuU'r barium for the separation of 
the alkaline earths from magnesium and the alk.alies. lOitlier the oxalic acid 
method or precij)ilation of strontium as a sulphate in presence of alcohol will 
accom])lish this sej)aration. Jf a sulphate ])r('eipilation is made it will bo neces- 
sary to fuse the sulphate with sodium carbonate* to gt>t it into s»>lu1ion or to effect 
further separation from imJinbcrs of the anuuonium carbonate group, should 
these bo i>res«*nt. 

Separation of Strontium from Calcium.^ Strontium and calcium arc con- 
verted into the nitrates and taken to drj’ness and all wattsr i*xpelled by heating 
to 140° C^. for an hour or Tiiore, The nitrates are now extraet(*<l with ecpial 
ptirts of absolute alcohol and anhydrous ether or by boiling with amyl alcohol 
at 130° C, (hood). Strontium remains insoluble and calcium goes into solu- 
tion as the nitrate. Strontium nitrate may reciuire further solution in water, 
evaporation to dryness, heating an<l extra<'tion to remove calcium c«»mpletely, 
should this be present in large excess. The* nitralt; of strontium is dissolved 
in W'atcr and strontium detenuined by one of the i)rocedures giv(*n later. See 
detailed procedure for separat ion uiuler Kariuiu. 

Separation of Strontium from Barium. The procedure is given in detail 
under chapter on Barium. In brief one of the following methods may be used: 
Strontium and barium in a mixture of the nitrat(*s are sc])arated from calcium 
by treatment with ether-alcohol mixture, in which Ba(?s()3)2 and Sr(N’03)a are 
insoluble. The nitrates <lissolved in w.ater are separated by precipitating barium 
as llat’rOi from a faintly acetic acid solution, strontium remaining in solution. 

If preferred, barium may bo first remov<'d as a ehnnnate, strontium and cal- 
cium precipitated from an ammoniaeal solution by (Xll4)2(!()4 sis carbonsites, 
the carbonates converted to nitrates and Sr(\()3)2 separated from ('a(NOa)4 
in an ether-alcohol solution or by junjd alcohol. Di;t.ails of the separations arc 
given under Barium. 

^Tn^adwell claims 8oIuhiIit.y = 0 . 000 .'>.'>, i.e., 1 jwrt Srt’Oa in ISjO-l.'j pjirts of water. 

•Advantage may bo taken of the insolubility of slrontium sulphate in aminonium 
sulphate in separating it from the soluble culciuui salt. 
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GRAVIMETRIC METHODS 

Strontium may be conveniently detcnnined either as the sulphate, the car- 
bonate or as the oxide. Tlic first proce<Iure is oonsidort'd the best by authorities. 

^ Determination as Strontium Sulphate, SrS 04 

Procedure. A slight excess f dilute sulphuric acid is added to the neutral 
solution of strontium, and then an espial volume of alcohol. The mixture is 
stirred well and settled for several hours, or overnight, if more convenient. The 
precipitate, SrSO*, is filtered onto a small jt-^hh-ss filter and washed first with 
50% alcohol containing a little sulphuric acid, thoti with alcohol until free of 
acid. The precipitate is dried and the pa|M*r and the greater jiart of the salt 
igrtited s<*])arat(!ly, then <-ombincd and weighed jls SrSO,. 

Factors. SrS( ) 4 X 0.477 - Sr, or XO.S037 =SrC() 3 , or X0.5042 =SrO. 

Determination as Strontium Carbonate 

Stnmtiurn cjirbonjitn i.s not re.adily <lecompo.sed by igniti«)n as is calcium 
carbonate, so that its dctiTmination in this form may be satisfactorily made. 

Procedure. The carbonate is ))r(*cipital»‘d by adding ammonium carbonate 
in slight excess ‘ to tiu' ammoniacal solution of strontium, heated nearly to boiling. 
The solution is allowed to stand for .s(*v<*ral iiours and filtered cold. The washed 
strontium carixmate and filter arc; ignited g<‘ntly and the cooled rttsidue weighed 
as Srf’Os. 

Factors. Sr(’(),X().5'.);{5 Sr, or X 1 .2 1 W - SrSCb, or X().702 =Sr(). 

Determination as Oxide, SrO 

Strontium is precii»i(afed as the oxalate l)y .addition of ammonium oxalate 
to th(! slightly ammoniacal s<ihition. 'I'he precipitate is filtered and w.ashed with 
wat(!r containing anunoniiim ox.al.ate*. The ri*si(lue is igniUxl and weighed us 
SK). 

Factors. Sr()X0.S45(} =Sr, or X 1.772(5 --^HrSO,, or X 1.4245 =Sr(X),. 

VOLUMETRIC METHODS 

The volumetric methods for dcitennining .strontium iircsupposo ihs isolation 
from other elements. 

Alkalimetric Method, Titration with Standard Acids 

Either the carbonate! or the oxitle of strontium may be titrati!d with standard 
hydrochlfiri<! or nitric acids. The compound is treated with a known amount 
of standard acid added in excess, using methyl orange indicator. The solution 
is heated below boiling to complete the rcaetion and, uiK>n cooling, the excess of 
acid is titrated with standard alkali. 

One cc. normal acid =0.043Sl gram Sr, orO.05181 gram SrO, or 0.07381 gram SrCO*. 

* N. B. Avoid a large excess of (NIl 4 ) 2 C< 4 ,. NH 4 CI has a solvent action on SrCOa. 
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Titration of the Chloride with Silver Nitrate 

Strontium chloride, free from other chlorides, may be determined indirectly 
by titration of its combined chlorine with silver nitrate by Mohr’s method, using 
potassium chromate indicator. One cc. N. AgXOs =0.04381 gram Sr. ^ 

The oxide or carbonate is slightly supersaturated with hydrochloric, tlicn 
taken to dryness and heated at 1 20** C. in the air bath to expel the excess of acid. 
Chlorine is determined on an aliquot portion. 



SULPHUR 

Wilfred W. Scott 


S, af.iof. 32.07; sp.pr. 2.035- m.p. Ill”; b.p. 444.53°; oxides SjOi, SOn 

SOj, SjO?; principal acids 1128204, H2SO3, H2SO4, H2S2O2, and H2S20'|. 

DETECTION 

The following tests iiuiluch; the detect ion of free siilphtir and its more important 
combined forms. 

Element. Sulphur is a polymorphou.-?, yellow, brittle, odorless and tasteless 
solid; existing in the rhombic, mouoclinic and trielinie crystalline forms, and 
also in an amoriihous state. At 11 1® ^ it m(*lts to a piile yellow li(|uid; at ISO® 
it thic kens to a dark gum-like material, containing a large ptjrcentage of amor- 
j)lu)us sulj)hur; at 2()0“ it Iwicomes a litiuid again, ami at 444.53® it boils, giving 
off a brownish-red vajwr. 

Heated in the air sulphur burns with a blue flame, and is oxidized to S() 2 , a 
gas with a chanicteristic j)ungent odor. Thi.s gas i)assed into a .solution of 
pobissium |M*r nanganale will tlecolorizc it, if SO., is in e.vcess of the amount that 
will react vi(h fhe K.MnOi in Ihe solution. 

If sulphur i'^ dissolv(;<l in a hot alkali solution and a drop of this then placed 
on a silver c->in, a slain of black Ag 2 S will be evi<len1, duo to the action of the 
sul])hur. 

Sulphides. lly<lrogon .sulphide, H 2 S, is libenited when a sulphide is treated 
with a n'iner!il acid. This gjis blackens moi.st l(‘ad acetate paper. Jl-iS has a 
very disagn't'shle odor, which is characteristic. 

Sulphates. \ whil.e compound, JhiSO,, is ])recipitated in iwcsence of free 
hydrocldoric acid when a .soluthm of barium chlorkh; is mlded to a solution of 
a sidphate. 

Insoluble sulphates are decomposed by boiling or fusion with alkali carlM)natcs, 
forming wateixsoluble alkali sulphabis. 

Sulphites. Sulphur dioxide, Slh, is evolvtsl when a sulphite is treated with 
hydrochloric acid. l'h«3 odor of the gas is charactc?ri.stic. 

Sulphur dioxide decolorizes a solution of potassium permanganate. (Use 
very dilute .solution.) 

Sulphites are distinguished from sulphates by their failure to form a white 
precipitate, when b.‘irium <*hloride is added to the solution acidified with hydro- 
chloric acid; also by the fact that II-jS is formed when zinc is added to a solu- 
tion of a sulphite, acidified by hydrfichloric acid. 

Thiosulphates. Sulphur dioxide is evolved and free sulphur precipitated 
when a thiosulphate is acidified with rlilute mineral acids. In presence of 
oxidizing agents sulphides will also liberate free sulphur. 

Thiosulphates are strong reducing agents. 

‘U. S. Bureau of Standards gives the following melting-points: Si= 112.8®, S|= 119.2, 
Si= 106.8. Circular 35 (2d Ed.) . 
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ESTIMATION 

The determination of sulpliur may l)e nHiuircd in a great variety of stibstaTiec's, 
minerals, rocks, sulphur ores, acids, salts, water, gjis, coal and other organic 
matter. 

The substance ocenrs in nature ])rincii)allj' in the foll{»'\ving f(»rms: 

Element. Found free, g<;n(;raUy miM’d witli earthy nuvtter. The comnwr- 
cial product is excrecdingly pure ui»d may contain ovt'r S. 

Sulphur Dioxide. The gsis, together with free sul))hur, is found in volcanic 
regions. 

Hydrogen Sulphide. Occurs in minenil uaters and in tlu; air, from dj^cajdng 
organic matter. 

Sulphide Ores. Iron pyrite, FeS 2 (30 to hO^e S); f<‘rro ferric sul]»hide, 
FejOj'.'iFoS; pyrrhotite, b'eyS*; coppe^r pyrites, (hiFeS.; realgar, AszS-^j orpi- 
ment, AsjSa; galena, J*1)S; cinnabar, JIgS; zinc bleiul**, ZnS. 

Sulphate Ores. (lypsum, CaS 0 , -211.0. veuy abund.ani ; barytes, or heavy 
spar, IhiSth; celestite, SrS() 4 ; kieserite, MgSOj- IIjO; l>itter spar or ICpsoni 
salts, MgS 04 * 71 l 2 (); (Jlauber salt, NaoSt > 4 • 1011 . 0 ; sulphates of alkalies in animal 
and plant fluids. 

The gravimetric determination of sulphur, by procedures of technical impor- 
tance, dejiends upon its jireeipitation as barium sulphate, BaS 04 , after converting 
it into sulphuric! a<'id, or a soluble sulphate, if not already in this form. Oxida- 
tion of free sulphur, sulphkles, sulphite's, nw'tabisulphite's, thiosulphates may be 
accomplished by eitluir <lry or by wet nu'thods, debiils of Avhich are given under 
subsequent procedures. When present as a sulphide, or having been converted 
to this fonn, the substance may be evolved as hydrogen sulphide, the gas absorbed 
by a suitable agent, and after oxidation it may be detenniiuid by precii>itation as 
BaS 04 and thus weighed. 

The volumetric methods of determining sulphur depend upon titration with 
oxidizing agents, or by acids, or by alkalies, according to the form of the sulphur 
compound, or by means of a substance fonning an insoluble compound with sul- 
phuric acid. For example sulphides are treated with a strong mineral acid (HCl), 
the evolved H*S alisorbed in a suitable reagent, and the sulphide formed is 
titrated with standard iodine. Sulphites may be detenixincd either by oxida- 
tion with iodine or by titration with an iscid in presence of methyl orange. Acid 
sulphites or metabisulphites may be determined by the iodine titration or by 
titration with an alkali in presence of phenolphthalein. Thiosulphates arc 
titrated with iodine. Soluble sulphates nu-v be titmted with standard barium 
cliloride or chronmte, added in slight ex> ess, and the excess estimated by 
titration. 

Standard procedures are given, covering the more important forms which 
commonly concern the analyst. 

Preparation and Solution of the Sample 

In the preparation of the sample the following facts regarding solubility of 
sulphur and its combination shoidd be kept in mind. 

Element. The crystalline fonns are soluble in CSa, the monoclinic form, 
is soluble also in alcohol, chlorofonn and benzol. Yellow amorphous and 
plastic sulphur are insoluble in CS 2 . Sulphur precipitated by the action of IICI 
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uptm (NIl 4 ) 2 Sj, is Hi>lu1)1c in l)enzol. The oleiucnt is sohitJc in hot hydrates of 
sodium, pt)t:issium, l)iirium and calcium, forming ijolysiilphidcs and thiosulphates. 

Sulphide. Sulphides of Na, K, (\s, Rb, Ca, Sr, Ba, Mr, Ain, Fe arc soluble 
in dilute mineral acids. The sulidiides of Ag, Hr, Pb, C’u, Bi, Cd, Co, Ni 
reciuire stroiiR acids for decomposition. These are also insoluble in sodium 
hvilroxide and iM)t:issium hydro.xide solutions. As, Sh and Sn sulphides are 
^isoluble in dilubt acids, but soluble in alkalies. 

Sulphate. With o.\ce})tion of BiiSOi, CaSO^, SrStb and PbS() 4 , sulphates 
are soluble in ■water. 

Thiosulphate. X(*arly all are soluble in watcir. 

Sulphite. With cx<‘cption of tin? sulphites of the alkalii^s, sulphites of the 
metals are dillicultly soluble in water, but readily decomposed by acids. 

Decomposition of Sulphur Ores 

The wet procedure for oxidation and decomposition of sulphur ores is Riven 
in detail under the Cravimctric Methods, paRi* 396. This process is used for the 
valuation of the on*, and is applical)lo to a wide ratiRO of substances. 

Fusion Method. (.)ne Ream of the finely Rround ore (SO mesh) is intimately 
ini.\(Hl with 0 Rrams of zinc oxide-sodium carbonate mi.\turo fl parts Zn()-|-1 
part Xaat '( >:0, placiiiR 2 Rrams more of the mixture over the charRC. The material 
is fused and sulphur extracted accordiiiR to the procedure described for coal — 
Hschka’s method. 

Sulphur in Coal, Eschka’s Method 

One Rram of coal is intimat(dy mixed with 3 Rrams of lOschka’s compound, 
consistinR of 2 parts of j)orous, calcined inaRiutsia and 1 part of anhydrous sodium 
carbonate. The mixture, placed in a ]>latinum crucible, is c.t)vered with alxmt 
2 grams mure of Fs(;hka’s com|K)uiid. The charge is placed in an open platinum 
crucible, ■which is protected fnmi the fhune by a shield, as shown in Fig. 65. If 
possible, a sulphun-frce flame should be used to avoid contaminating the material. 
With proper precautions, the shield ■will prevent this. Heating in a crucible 
electric furnace eompletely avoids sulphur contamination. The mixture is 
heated very gradually, to drive off the volatile nuitter, the charge being stirred 
frequently with a platinum wire to alh»w free access of air. The heat is 
increased, after half an hour, to a dull redness. When the carbon has burned out, 
the gray color having changed to a yellow or light brown, the heat is removed 
and the crucible cooled. 

The powdered fusion is digested with 100 cc. of hot water for half an hour, 
and the clear luiuor decanted through a filter into a beaker. The residue is 
washed twice more with hot w^ater, by decantation, and finally on the filter, 
until the volume f)f the total filtrate amounts to about 200 cc. About 5 cc. of 
bromine and a little hydrochloric acid are suldod, and the solution boiled. Sul- 
phuric acid is now precipitated as BaS 04 by addition of barium chloride to the 
hot solution, and sulphur determined by the first of the gravirtietric procedures. 

Sulphur in Rocks, Silicates, and Insoluble Sulphates 

The material in finely powdered form is fused in a large platinum crucible 
with about six times its weight of sodium carbonate (sulphur free) mixed ■with 
about 0.5 gram of potassium nitrate. The charge is protected from the flame 
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by an asbestos board or silica ])latc with an ojH'nitif? tf) accommodate the cru- 
cible snuf^ly, as shown in Fig. (>.5. 'i’he fusiort is extracted with water, the tiltrab; 
evaporated to dryness an<i silica dehy«lrated. Th(! resitliie is moistened with 
strong hydrochloric acid, then taken up with a little water, boih'd free of C() 2 , 
and silica filterorl off. The filtrate contains the sulphate, which is in)w ])recipi- 
tated as barium sulphate according to one of the standard i>rocedures. 

Barium Sulphate, ^’liis is transposed by fusion with sodium carbonate, 
as stated above. Harium carbonate; re)j>ains in the water-insoluble residue. It 
is advisable to wash the residin; in this case Avith hot' sodium carbonate solution, to 
insure coniphste removal of the sodium s>d])h:it(;. The filtrate is acidified Avith 
II(!1, boil(‘d free of OOj and liaS() 4 , tlu'ii jn-ecipitated. 

Lead Sulphate. This may be tr:iusp.)s(‘d by digesting tin; compouinl Avith 
a strong solution of sodium carlxMiato saturated Avith CO.-, k«*ej)ing the .solution 
at boiling temperature for luilf an hour or more. 'I'lie sulphate Avill b(' in solution 
and the lead is pn“cipitate<l as the Avater-insoluble carbon.nte. 

Strontium or calcium sulphates may be; trans|>ose(.l by the procedure described 
for lead. 


SEPARATIONS 
Substances Containing Iron 

In precipitating barium sulphate;, in pn'sencc' of f(*rric salts, from hot solu- 
tions by the gravimetric proc<;dure commonly folloAved, consid(>rabl(; iron is 
caiTi(‘d doAvn by the pn'cipitate. )Since FeatSOda loscis St),, upon ignition, and 
since FcaO., Aveighs much h'ss th.au HaStb, hav results Avill be obtained. Hence 
the removal of iron is in'ce.ssary, or a methi>d should be ft)llo\ved in which iron 
does not interh;re. It is found that barium sulphate prccipitjited from a large 
volume of cold solution, in Avhich the iron has been reduced to ferrous condition, 
is free from iron. Details of this jiroeedure are giA’cn in the second of the gr:iAU- 
inctric mi;thods, iMigo 

If sulphur is to be jH-ecipitated from hot solution of comparatively small 
volume (2(K) to KM) cc.), it is m'cessary to removi; iron. This is accomplished 
by im'cipitating this as l'V(()in.( by .addition of ammonium hydroxide in (.h'cided 
excess (.'> to 10 cc. excess of strong NIIiOIl, sp.gr. t).!)t)). If the solution is 
barely neutndized Avilh ammonia, tin; iron hydroxide carries doAvn considerable 
of the sulphate. lOven Avith the precaution recommended some of the combined 
sulphuric acid is occhnled by the precipitate, so that it is necessary to re<‘OA-er 
this by dissolving the; prei-ipitate Avith hydrochloric aci«l and reprecipit .ating the 
ferric hydroxide Avith an excess t>f ammonia. 'Fhe combiinal filtrates are 7 ioav 
treated Avith btirium chlorkh*, upon achlification Avith hydrochloric acid, accord- 
ing to the procetlure first given, page fV.to, and the sulphate determined. 


Separation of Sulphur from Metals Forming an Insoluble Sulphate 

This is accomplished by fusion of the comi)oun<I AA'ifh sodium carbonate and 
extraction of the mu.s.s Avith Avater. The nu'tal remains Avith the residue and 
the sulphate of the alkali i):i.sscs into solution. For details see subject under 
Preparation and Solution of the Sample, page 392. 



sulpotb. 

Nitrates and Chlorates. These an; carried down wtVi 
barium salts if tliey nre present in appr(;eiiible « mount. ^ 
from the solutioii by e\'ai)oration to dryness with hydrochloric 

Silica. Silica Mill be carried down with the barium sulphate pr j .• 
if i)r(\si‘iit in appreciabhj amounts. It is renuived by evaporation of the SOiUwO 
♦*v'ith hydrochloric acid, dehydrating; the silicic acid, taking up with IICl (llld 
water and filteriiiji;. 

Aimnonium and Alkali Salts. Theses hav(^ n ne^hKiblo effect on the prcM*ipi- 
tate of liaSOi if this is 2n*ocipitat(*d from a lar^^ci voluiiu*, according; to the sc'coiid 
gravimetric procedure. 


GRAVIMETRIC DETERMINATION OF SULPHUR 
Precipitation as Barium Sulphate 

Preliminary Remarks. The protanlure dcpcncls upon the insolubility of 
barium sulphate, JiaSOi, in neutral or slij>:htly acid solutions. It was formerly 
the g<aieral practice to precipitate tlie sulphur by adding a barium chloride 
solution to tlu^ hot sulj)iiate solution, M'hich had b(‘(‘n diluted from 200 to 4(X) cc., 
according to the amount of sulphur that was ])res('nt (not ov(t 0.2 gram sulphur 
])er 100 cc.), containing 1 to f*l cc. of fn‘e concentrat(»d hydrochloric acid jmt .KK) cc. 
of solution. Sp(*cial precautions mh'h* giv(‘u to have the solution boiling hot, and to 
avoidhaving a volume of over 4(K) cc., a smaller sample being takcni in liigh sulphur 
ores, rather than increase the voIuiik*. h]xt<‘nded experiments have sliown that 
it is pref(*ral)l(» to pn'cipitate the sulphate from a la?'g(^ volume of cold solution. 
The product obt-iiiKMl is h'ss ii])t to occlude imi>uritics, the crystals are Iarg('r than 
those obtaiiK'd in hot concentrated solutions, and do not ]>ass through the filter. 
Precipilalioii may be jiiade in presence of large anioimts of iron, copper and 
other impurities. The procedure re(|uircs large bciakers of 2- to 2.i-Iiter capacity, 
special precipitating cups, and a suction apparatus, as shenvn in Figs. GO, Gl,G2 
and ()3. Tliis api)aratus may not always be available', and occasionally it is 
advantageous to jirccipitaie the suljihiir in a small volume, spc?cially when the 
sulphur eonlciit of the material is low, hc'nce, although the second procedure 
is generally n^commende'd, the older method is also included. 

I. Precipitation of Barium Sulphate from Hot~Solutions 

Procedure. The sulpliur should l>e present in solution e'ither as free sulphuric 
acid or as a sulphate salt. The solution is made acid by addition of hydrochloric 
acid (phonolplithalein indicator), and then 4 cc, added in excess (HCl, sp.gr. 1.2). 
After diluting to a volume of 400 c<!. with hot water, the mixture is heated to boil- 
ing, and a 10% solution of barium chloride added in a fine stream, ‘ through a 
funnel with a cai)illary stem, or from a burette, at the rate of 10 cc. in two to ten 
minutes. The reagent is added in slight excess of that required to react with the 
sulphuric acid f)r sulphate. (Ten cc. of 10% barium chloride solution will precip- 
itate 0.1416 gram of sulphur.) The beaker is placed on a steam bath and the pre- 

1 K. Ifintz and H. Weber recommend adding 100 cc. of N/10 BaCh solution, boiling 
hot, to the hot sulphate solution all at once in place of slowly, as recommended in general 
practice. (Hee Treadwell and Hall, '‘Analytical Chemistry/^ 2, 3d Edition, p.469.) 
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cipitate allowed to settle for sibout two hours. The solution is filtered through 
a fine grade of filter paper (li. & A. gra<lc 5 A, or 8. & S. grade No. 90), or 
through a tarcd (iooeh crucible. Since the pro*-ipitate fre(iueutly passes through 
the filter it is advisable always to pass the solution through the same filter a 
second time. The pre<‘ii)itate is washed ten times with hot water, then dried, 
and ignited gently over a Bunsen bunmr, or in a mu^f^<^, for half an hourN 
(Blasting is not necessary, nor desirabh;.) 'I’he white BaS()4 is cooled in a 
d(!Kiccator, and then weighed. If a filter i)a[K*r has been used in place of a 
(looch crucible, the ignition is best made in a jH)rc(*lai!i crucible, with free access 
of air, the ignited sulphate, upon <;uoliiig, is brushed out of the crucible and so 
weighed. 

Factors. BaSO4X0.i;i73 =S, or X 0 . 4202 = 1 I.S() 4 , or X0.37G(5 = KeS, 
or X0.2744=SO,, or 0.3430 =S(b, or XO. 11 IT) =S() 4 . 

Note. If much iron or nhiinina is ]>rcscnt it is sulvisablo to prciiiiiitate the sul- 
])hatc from a large vohiine, by the second nutthod, rather than attempt to remove 
thesii substances. If ]taS()4 is ])r(!sent in the original material its weight should be 
included with that of the prcci])ilato. 

II. Precipitation of Barium Sulphate from Cold Solutions — 

Large Volume 

Introduction. The method worki'd out by Allen and Bishop, CJcneral Chem- 
ical C'ompany,' is csiiccially adapted to the delennmation ol sulphur m iron 
pyrites and materials high in sulphur, 30 to 50^,', sulphur, but by varying the 
amount of material usi'd the range may be exf ended from smaller to greater 
amounts. The finely grouiul sample is oxidiz(>d by means of a mixture of bro- 
mine and potassium bnwuide, followed by nitric acid. The nitric acid is expelled 
by evaporation to dryness, followed by a second cvnixiration with hydrochloric 
acid, which dehydrates the silica. Iron is now reduced to the ferrous condition 
and the silica and residue, undissolvcd by addition of liot water and IICI, is filtered 
off. The sulphur is precipitated in a large vohmu' of cold solution, by barium 
chloride solution, as lhiS ()4 and so weighed. 

Reagents. Bromine —Potassium Bromide Solution. 320 grams of ])otas- 
sium bromide are dissolved in ju.st suflicicnt water to < au.se solution and mixed 
with 2(H) cc. of bromine, the bromine being poured mlo the saturated bromide 
solution. After mixing well the solution is diluted to 2(H)() cc. 

Bromine-Carbon Tetrachloride Solution. Carbon tetrachloride saturated 
with bromine. 

Barium Chloride, anhydrous, 5% solution; or crystals, iV'/c .solution. 

Procedure. Preparation of Sample. 4'h(‘ sainjilc' ground to pass tSt)-me.sh 
sieve is can'fiilly mixed anil quartered down to It) giams. 'J'his is dried for one 
hour at I(K)“ C\ and then jilaced in a weighing lube. 

A factor weight, 1.373S grams of (he sample, is jilaccd in a ilecp heaker, 300 ce. 
capacity, 21 by 4.J ins. 

Oxidation of Sulphur. Ten cc. of the broiiiine-potassiimi bromide mixture 
for pyTrliotito ore, or bnniiiiie -curlMni ti^trachloride reagent for jiyritcs ores, 
are added and the beaker covered with a dry watch-glass cover. AfttT standing 

• Pa|)er Iwfore Eighth International Congress of .Applied Cheini.st.rv : “An Exact 
Method for the I>:terminatioii of Sulphur in Pyrites Ores," \V, ,S. Allen and II. B. 
Bishop. 



SULPHUR 


Wf} 


fifteen minutes in the cold (a CMsscrolc of water Will do), 

slnikin^ of the bc'iiker, 15 c(\ of strong; nitric acid are added and t 
allowed to stand fifteen minutes lonj^er, 
at room temperature, and then wanned 
on an asbestos l)oard on the steam bath 
until the reaction lias apjiarently ceased 
and the bromine has becui volatilized. 

The lieaker is now ])laced within the ring 
of the steam bath so that the lower 
portion is t‘xi)osed to steam heat. The 
solution is (*vaporated to dryness, tlie 
eovc'r of tlu' beaker being raised above the 
rim by means of riders (r-sha]M‘d glass 
rods), Fig. 00, 10 cc. of strong hydro- 
ehlorie aeid are now added and the solution again evaporai(*d to dryness to expel 
tlie nitric aeid. Tiu? silica is dehy<lrated by heating in the air oven at 100® C. for 
one hour, or overnight if piH'ferred. 

Reduction of Iron. Four ec. of liydroeliloiie aeid (sp.gr. 1.20), followed 
five minutes latcu* by 100 cc. of hot water, are added, the sid(‘s of the beaker and 
the cover biung rinsinl into the solution. The riiUu-s being removed, the sample 
is gently lioiled for five minuttjs to insure the solution of the suli)hate. After 
cooling for about five minutes, approximately 0.2 gram powderc'd aluminum 
is stirred into the solution, keeping covered (luring the intervals betwe(m stir- 
ring. When the iron has been nnluecMl, the solution becoming (lolorless, the 
samph; is filtered info a 2o00-cc. beak(u-, through a I2l cm. filter ptipor (S. & 
S. No. 590 or 11. & A. Xo. A), The blanker should l)o copped out and the 
residue on the filter waslu'd niiu; limes wilh hot water, filling the filter funnel and 
draining each time. 

Precipitation of the Sulphur. 1'hc solution in the large beaker is diluted to 
IGOO ce. witli C(jld water and 6 cc. IICl (sp.gr. 1.20) added, and mixed by 

stirring. I'ho barium c.hlorido solu- 
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Apparatus for I’reoipitating Sulphur. 

throo liours IwiiiK advisable, uvernisht I 
Filtration. The clear solution is lilti 


ti')u is now added by means of » 
s|>(‘(‘ial delivering cup (Figs. 61 and 
62), which shoidd drain at the rate 
>f .') ce. i)er miniile. 125 cc. of 
barium chloride soluMon arc; added 
for ores containing .‘iO to 50% sul- 
l>hur, the factor weight being taken. 
The solution is not stirred while 
the barium «'hh)rido is beitig added, 
but when the cup h;us drained, the 
solution is mix<*d by stirring. The 
llaSO, is allf)wed to settle, two or 
):*ing pn;ferred. 

jred through a weighed Clooch crucible 


(35 cc.), using suction. This is best d<ine by the automatic arrangement 
shown in Fig. 03. Tlie beaker containing the solution is plained on a shelf; 
a siphon dipping to within half an iuL'h t»f the precipitate at the bottom of the 
beaker is connected to the (looch crucible by means of a tightly fitting stopper. 
The Gooch and thistle tube arc best connected by heavy rubber tubing. The 
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suction flj*sk, or l)ottIc, should have a capacity of about 3 liters. A Gcissler 
stop-cock pii.sse.s through the rubljcr stopper in the suet, ion flask to relieve the 

pressure when the CJooch is to be renmved. 
The precii»itat(! is wtishcd onto the asbestos 
mat in the crucible juid washed with cold 
water six times, the beaker being coppe<4 
out as usual. 

Ignition. The precipitate is dried by 
placing the crucible on an asbestos board 
over a flame for twenty-five minutes and 
then heated over a direct flame for thirty 
minutes. 

Calculation. BaS 04 XlO=per cent S. 
(If fju;tor weight is taken.) 

Factor. BaS()4X0.1374=gram S. 

Notes and Precautions 

Although 1>arium sulphate is only slightly 
soluble in water, it is a)iprecial>ly soluble in the 
salt.s of the nlknlie.s (Na, K and NUi), and in a 
large exmss of hydrochloric .acid. 

Ilariuin sulpliate occludes salts, especially 
nitrates and chlorides. I'Vrrio chloride is carried 
down with this preeijutate, though ferrous chlo- 
ride is not; hence the reduction of inin is ueces.sary. Occlusion of iron caiLstw low 
results, as will Iw s(vu from the Ijict. that with heating of FcaCSOj).,, S().i is volatilized, 
the salt dccom]K>sing to FoaOa-l-SOj. With the iro?i reduced the pri'cipit.ate bums 
perfectly white, wherejis with ferric iron present the precipitate i; invariably red or 
yellow, .\luminum pow<ler u.sial by W. H. Seatnon,* for reduction of iron in determi- 
nation of sulphur, suggestt'd its value in the inetliod above given. 

Potaasium bromide is added to the bromine mix as a diluent to prevent too vigor- 
ous a nuictam. (kxding the .solution is for the siime purpo.s(' as a loss of .sulphur will 
result if the reaction is violent. 'I'his is esiHM'udly the ciust* in pyrrhotite on;. 

Otto Folin * .shows that i>recii)ilation of IlaSOj in a large volume of cold solution 
proiluces large crystals. 

Mechanical loss and re»luclion «>f HaSOi Is avoided by the (Jooch crucible. 

The meth(Kl has been thoroughly testetl in tin; laboratories of the Oen. Cliem. 
Co. ood has become g standard method fur sulphur. 


Evolution Method for Determining Sulphur in Iron, Steel, Ores, 
Cinders, Sulphides and Metallurgical Products 

Introduction. The method depends u^xm tli<! faet tluit Ii.vdrogen .sulphide 
is evolved when a sulidiide is aete<l u|M)n hy a stnmg aeid sueli sis hydrochloric 
acid. This gas, absorbed hy a suitable re:ig(‘nt, may ho dctnrmim'd gravimetri- 
cally* by weighing diro<d.Iy the precipitate*! sulphide, or hy oxidation of cither 
the hydrogt'u sulphide evolved or the sulphide fonued in tin; alxsorbing reagent, 

* Chemieal Kngineer, September, IPOS. 

* Journal of Hiologi<'al ('hem., 1, l.'{l-159. 

* iirarinnirirnlty. (n) Fvtilution of liiS into sointions of ZnClj, IvOlI, KMnO,, 
AgNOa, llg((IN)j, li,<),, Hr + IK’I and suhse<pu‘nt o.xidation to sul)>liato when 
iu‘oes.snr>', and i'm‘i]>italion as HaSO^. (h) y\l)sor])tion of IhS by nentnd or alkulino 
solutions of lead, oxichition of PbS to PbSO, and weighing as such, (c) Absorption of 
11,8 ill solutions of AgNO,, CdCl,, and weighing the preeipitatecl sulphide. 
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and procipitatiiiK sulphur as UaS 04 . It may be determined voluinetrically ‘ 
by titrating the precipitated sulphide with iodine or by titrating the acid, formed 
by tlic reaction, wil h standard caustic. The iodine and caustic titrations may be 
made on the sam.e run, or the sulphide may bo weighed and the filtrate containing 
the free acid titrated, thus double checking results. The following reactioTi 
takes place when the gas is evolved ami absorlxid by neutral cadmium sulphate: 

H2S-f-CdS04=CdS prccipitate+n2S04 free acid. 

The method is especially adapted to the detennination of sulphur in iron and 
steel or in metallurgical products containing small amounts of sulphide. It 
may be applied to products containing 
larger amounts of sulphur os sulphides 
or sulphates, the latter condition requir- 
ing a spiecial preliminary treatment. 

The method is not applicable for 
determining free sulphur or sulphur in 
iron pyrites. 

Reagents. Iodine Solution. Two 
strengths of this reagent should bo at 
hand for general work : 

For iron and steel and low sul- 
phur bruiuettes, etc. = .01 to 

0.5% S N/,30I 

For sulphur products containing 
overO..-)%S N/IOI 

Starch Solution. Made front a 
good grade of ^soluble starch, 1 gram 
Iter 200 cc. of water. Fresh solutions 
are desirable, as the deteriorated mutcri:il 
produces a greenish-ltrown coktr in plat^e 
of the delicate blue desired, k’locks of 
insoluble starch will cause the same 
difficulty. 

Cadmium Chloride or Cadmium 
Sulphate Solutions. Ammoniacal Solu- 
tion. Fifty-five grams of (’d('l 2 - 2 H 2 () 
or 70 grams of the sulphate arc dissolved 
in .500 cc. of distilled water. To this 
arc added 1200 cc. NH4OII (sp.gr. 0.(K)) i<’,a.(i4. — Scott’s .\pparatus for Dctcrmin- 
and the .solution diluted to 2500 ta*. Sulphur in Iron and Steel.* 

The solution is of such strength that 

50 cc. will precipitate approximately 0.17.5 gram sulphur evolved as H 2 S. 
This is equivalent to about 8..5‘/v, sulphur on a 5-grain sample. 

^ VolmnelricaUi/. (a) Absorption in a xtlution of KOII, (MC'h or CdS 04 , ZnCh 
or ZnS() 4 , Na 2 llAs (>2 and titration with iodine solution, (h) Absor))lion in iodized 
KI and titration of the excess of ioditic with I'ia 2 S 2 ()» solution, (r) Absor])lion in a 
neutral solution of a metallic; salt and titration of the liberated acid. (//) Absorption 
in caustic alkali and addition to an acid solution of a reducible salt, o.g., Fc2()3 and 
titration of the lower oxide, FcO. 

* Apparatus designed by W. W. Scott. 
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Neutral Solution. To bo UHCtl whore titmtion with caustic is desired. 
Seventy grams of 01S()4 are dissolved in water and made up to 2000 cc. The 
solution should Iw neutral to methyl oniugo, otherwise add the requisite amount 
of IbSO^ or NaOlI nooes.sary, dotenuinod by titration of an aluiuot portion. 

Hydrochloric Acid. One coiiccntnitcd acid to an equal volume of dis- 
tilled water. 

Sulphuric Acid. One volume <»f eonceiitmbMl acid to four volumes of dis- 
tilled water. 

Reducing Mixture for Reduction of Sulphates. Five parts of NaHC'O.), 
2 parts of (M*. aluminum powder arid 1 psirt of pure carbon, best made by 
charring starch. A blank should bo determinetl on this material and allowance 
made aettordingly. 

Stannous Chloride. T(M\-|K*r c<‘ut solution. 

Fine Granular Aluminum or Xinc Metal. Sulphur free, 20 mesh. 

Apparatus, 'i'ho a|)paratns sliown in the illustration, Fig. 04, is the. author’s ‘ 
modification of the form us<*(l at Baldwin Jjocomotive A\’oi*ks. This consists of 
an Frlenmeyer flask A <»f about .'j(M>-cc. capacity witli large base. With material 
in which viohuit foaming occurs, during tlio evolution of hydrogeii sulphide, it 
is advisable to use a wash bottle with large base, in preference to an Frlenmeyer 
flask. Through a rublxir stopper is ins('rted a thistle tube with glass stoji- 
cock /), by which the acid is iiitroduc<*d into the flask. The hydrogen sulphiile 
pas.s(‘s through a jMitash connecting bulb with trap as shown. A hole blown 
in the side of the tube pnivents licpiid b(‘ing swept thnmgh. (Jonnected to the 
pota.sh bulb is the ab sorption bulb which is suspended by a win^ attached to 
the thistle tube. The apparatus is compact, so th.at on a larg(; hot plate, 
3t) by 20 ins., a d<»zen outfits may readily be accommodabsl. With the; use of 
this apparatus t lu' writer has been able to make ov'or seventy-five detenuiiiatious 
of sul])hur in stetd in an ordinary day’s run. 


Preparation and Amount of Sample 

The amount of material to b(! taken for the detennination depends upon the 
sulphur c<inlent as shown by the following table: 


Approximatr of Sulphur I’roacnt. 

0.01 to 1 
1 .0 to 10 
10.00 to 30 
Above .30 


Amount to ttikt* for Analysis. 

T) grains 
1 

o.r> 

o.2r> 


The class of materl-il will govern the method of procedure. 

Iron and Steel. \ .'i-gram sample of drillings or fimdy divided materuil is 
treated directly in the evolutimi fla.sk w’ith hytlrochloric acid, 1:1, and the 
hydrt)geu sulphide absorlx'd in ammonuveal <‘admium chloride. 'I'he sulphide 
fonned is tifnited with iodine. 

Iron Ore Briquettas and Materials Containing Sulphates. Low Sulphur. 

Preliminary Iteductiim. A .'i-gnim sample is iiitiiimtely mixed with an eciual 
weight of reducing mixtun; (NailK’Oa-l-Al-l-C;) and wrapped in a 9-cm. ashless 
filter. The charge is placed in a TiO-cc. nieked crucible with cover. The crucible 


1 W. W. Scott. 
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is inserted hpjf way into an asbestos l)oard or porforatc^d silica i)late (sec Fig. 6 1 ) 
and after covering, placed over a low flame of a M6ker blast burner. The 
flame of the blast is gradually incrc'ased during the first 
five minutes and the charge ])lasted for alxnit twcaity 
minutes. The crucible will apiwar a bright red and car- 
bon monoxide gas escaping from under the crucible lid 
will l)urn. The loss of sulphur, however, is not aj)pn'ci- 
able. The crucible is c()oled without rc*moving th(‘ cover. 

When cold the fused mass is (piickly pulverised end 
placed in the dry evolution flask containing a mat of 
aluminum granuh". or CM', zuic dust or granulated tin. 
irydrog(*n sulphide is b<‘st evolve<l with hydrochloric 
acid to Avhich 4 or 5 cc. of stannous ehloriih; has 

been added to retlin*(' ferric iron. The gas Is abj-orix'd 
in ammoni(*al cadmium chloride and tln^ cadmium sulphide 
formcxl titra1<‘d with iodiiH'. 

Iron Sulphide for Available H-S. Since this product 
ruiH o\cr 2()Vf availabh' liy<lrogeu sulphide not ovc^r O.o 
gram sample should be taken, 'fhe H^S is evolved by 
addition of dilute* sulphuric* acid, 1 : 4, in placci of hydro- 
chloric acid, and is absorb(*d by neutral (*admium sulphate. 

"Fhe aeid fonued by the* ivacfion is titratc'd by standard 
N7I0 NaOH. 

Sodium Sulphide or Water-soluble Sulphides for 
Available H,S. T(*n Knuiis dissolved in wjiter :uid diluted to JOOO cc.; 50 ce. 
- (0.5 gnim) taken for analysis. 

Details of Procedure 

Evohdtoti of TTijdriigen Siilp/iide. One-half to 1 gram of aluminum or zinc 
granules, 20 mesh, is j)laced over the hot tom of tho evolution fl:i.sk and the 
sami>ln jjlaeed above this mat of metal. Tin; st«)|)i>i'r with tho thistle tube and 
coixlonser is ins<u'ted snugly into the neck of the flask. An alworption bulb 
containing abmit 20 ee. of distilled water is attaeln'd to the oondens(*r. This 
bulb serves as a trap for the IK 'I that is driven i»ut of tin; flask during the lunl- 
ing. To this bulb is attached a second bulb containing 50 ee. of ammoiiiacail 
cadmium chloride. A third bulb may be attaclu'd if tho sul])hur content of the 
material examined is high; this, however, is .seldom necessary when aminoniucal 
cadmium chloride is used. The rubber st<tpjK*r and all rubber conin'clions 
being air tight, 100 ee. of warm TIC'I, I : 1, is ])oiired into flu* flask through fin; 
thistle tube, the stem of which should now' dip W'cll helow' tin? acid. The sto|>- 
cock is closed during the violent acti(»n of the a<‘id on the s:imple and openu'd 
W'hen this ha.s subsided. The acid trap pn'vents loss of lljS throiigli the thistle 
tube. The apparatus is now' placed «m the hot plate and the sami>le boiled 
vigorously for alumt tw'<*nty minutes. The fla.sk is taken off the hot plate and the 
(contents allowed to c(m)1. At this stage it may he advisable to draw a current 
of air through the apparatus to sweep <mt any residual IljS that may remain in 
the flask. Hydrogen gas is preferable to air. 

Titutlion. (a) The contents of the bulbs are poiirc<l into a OtMl-cc. beaker 
containing about 400 cc. of distilled water. The bulbs arc washed out first 
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with water and then with dilute acid. The cxoo.s.s of ammonia Ls neutralized with 
concentrated JICl, 6 cc. of starch .solution addtid and the sulphide immediately 
titrated with standard iodine, additional hydrochloric acid being added from time 
to time during the titration to in.surc complete decomi)o.sition of the sulphide. 
The licpiid appears yellowish red, orange, purplish red and finally a deep blue. 
Since the sulphide, when pntscnt in appre<-i:il)le (juantity, d<!compo.ses .slowly, 
the solution should be strongly acid at the completion of the titration, and five 
minute.s should be allowed f<»r a pcTinanent end-point. 

Knowing the amount of iodine necos.s.*iry, a check run may be made by 
adding to the msitral solution an ex«‘e.ss of iodine followed by r> cc. of starclx 
solution and a large excess of cmiccntriiUsl hydrochloric acitl. I'hc excess of 
iodine is titrabid with N/10 thiosulphate, Na-jSaO.,, .solution. fAi*senous acid will 
not do.) This procedure will jxrevent the loss of ir.S, which is apt to occur in 
samples high in sulphide. 

(h) An altvnuiUi victhml is fre(|uenl.ly advisabh* in high sidphurs. The prexdp- 
itate is s<*parated from the solution containing ammonia by filtration. The 
cadmium stdiihidc is mav placed in tin; (>(M)-cc. beaker with water and an excess 
of iodine run in. Starch is add<‘d, followcxl by hydrochloric acid. The excess 
of iodine is titrated with sodium thhisulph.ate, N:i. 2 Sj().t. Hy this itiethod the 
heat action during tin; lunitrali/ation of ammonia is avoided and only the p'o- 
ci))itate is titratc'd. 

When the iodiim titration exce(*ds .*>0 cc. of \/l() iodine, a smaller amount 
of the sample should be taken for analysis; the iodine titration for amounts 
of sulphur exceeding 0.1 grain is not satisfactory, owing to a fading end-point. 
The method for determining available hyilrogen sulphide in high sulphide 
jiroducts, dealing with the titration of the fr<*e acid formed during the r(‘action, 
permits of larger .samphis iMiing taken. l)(*tails of this method are given on page 407. 

One cc. N/10 iodine =0.tK)l 001 gram S. 

Tenth NontKtl liquivalcnls 

One cc. of N/10 iodine =0.(M) 1 704 gram IlaS 
“ “ =0.tK)4:Jl)0 gram FeS 

“ “ = 0.(M);«M)4 gram N aaS 

“ “ -0.00:1007 gram (^uS 

“ “ -0.00.S471 gram li.aS 

“ “ =0.00r>01 gram SbatSs 

“ “ =0.01 M)r>n gram PbS 

“ “ =0.01 10:u gram IlgS 

“ “ =0.(K)17S2 gramCuS 

“ “ =0.(M)7221 gniin CUS 

“ “ =0.tK)4S72 gram ZnS 

“ “ =0.{X),T200 gram Zn 

Combustion Method for Evaluation of Sulphide Ores. When a sulphide ore 
(pyrrhotite) is heated to retlncss in presence of o.xygen both sulphur dioxide 
and trioxidc are evolved, 'rhe first nniy be absorbed in suitable reagents and esti- 
mated volumetrically or gravimetrically. Tim trioxide mist is ixest retaiimd 
by asbestos and weighed. The combustion furiuice with silica tube used for 
determinations of carlxm is adapted for sulphide ores. The liiudy powdered 
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dry sampio, spread in a thin layer in a 3-inch porcelain boat, is placed in the red 
hot tube and burned in a current of oxyRen, which has Ixien purifled by passing 
through sf)dium hydroxide, strong sulphuric acid and phosi>horus ])cntoxidc. 
The trioxide mist is removed by i>assing the (jvolved gases through an asbestos 
filter (PjOs bulb with asbestos in one arm adjacent to the combustion tube and 
in the oth(!r). I’hc SO* is absorl)ed in a mixture of bromine and nitric acid, 
and the sidphuric acid formed is titrated aft«‘r removing the reagent by evapora- 
tion; or it is absorl)ed in an excess of staiulard iodine, the excess titrated with 
sodium arsenite or tluosulphatc*, and su1]>hur cahaiiati'cl. The iodine method is 
j)ref«‘rablc to the Immune, as it is more rapid and the reagcait less disagreeable 
to handle. 3'hc gravimetric n’''thod is the most n'liable. The dioxide is absorlied 
in chromic acid (caustic will not give correct results owing to its affinity for carlnm 
dioxide, a i)roduct of combustion of the free and combined carl)on, that an^ gen- 
erally present in sulphuh; ores. J’yrrhotife fnapiently contains as much as 1% 
carbon) .and w<‘ighed. Tlie <’ombustioti ni(‘1.hod cannot be recommended for 
extreme; aceairacy. '^I’lit; proce'dure m.ay bo used for the estimation of available 
siilpliur, but d(»es not give the total sulphur of the; ore, since* .2 tee remains 
in the cinder. I'lrror may re*siilt from the feellowing e-ause's; (I) Ineamipleite 
coiiiinistion eef the; sulphur due* tei sublimation e>f the sulphur te> eaieeh'r xeine's 
of the cemilmstiem tube*, anel tei a fine* mi.'^t e>f ,sui])hur ])a.ssing unburne*el inte) the 
asbe*ste)s, whe*ro it is re'taine*el with S()» anej weighe*el as sue*h. (2) Krreir duo tei 
eemiliine'el water e»f the ore. 'riie re;siilts are* ajit tei be .()’) In O.nf',, le)we*r than theise 
obtaine*el b.v the barium sulphate* i)roe*e*dur('s, the; sulphur eif the cinder being in- 
e;ludeel with the* available* suliihur. 


VOLUMETRIC METHODS FOR DETERMINING SOLUBLE 

SULPHATES 

Combined sulphuric acid in seilublo .sulphate's is best de;te;rmined gravi- 
nujtrie'allj” e)e*e*asie)nally, he)we;ver, a ve)hime*trie; j)re)e*e*eluro is e>f tee*hnie*al value. 
A number eif vedume'trie; me;theKls are biuse'd em the insolubility eif barium sul- 
phate*. Twe) general proe*e*elure*s de'se*rve luentiem; additiem eef barium chleiridc 
in known ameamt in slight excess eif that ree|uire*el by the sulphate, and titrating 
the cxe'css cither with a sellable carliemate* eir a chreimafe;; or adelition eif barium 
chreimate and titrating the alkali chreimate feirmed by the reactiem. The sid- 
phate is alsei ele*te*rniiue*d by pre*e'ipitatiein with a weak eirganic bsuse benzidine, 
adele'd in feirm eif the hyelrochlorieic salt; the benzidine sulphate, filtered off, is 
titrate;el with e*austic. The typie*ed preie*e*elure.s givein belejw will meet general 
ree|uire‘me*nts for the volume;tric determination eif sulphates. 

Determination of Sulphur by Titration with Barium Chloride 
and Potassium Chromate — Wildenstein*s Method Modified ‘ 

Reaction, 

Na,S( ) 4 -|-HaC'h =liaS() 4 -l-‘.iXaUl anel excess liaCl*+K,Crt >4 = liaCr 04 + 2 KCl. 

Procedure. The substune;e‘ containing the sulphate in scilutiein is diluted to 
CO. in a small flask, acidified with hjalreichleirie; acid, if necessary, heated to 

tSce “ Volumetric Analysis,” Sutton, 10th Ed., p. 350. 
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boiling, and precipitated with a slight excess of X/t barium chloride added from 
a bunsttc (I cc, Haf'b = 0.01 gram SO3). I’hc precipitate settles rapidly, so tliat a 
large c!xc(*sh of the reagent may readily be avoided. The le.ixture is cautiously 
neutralized with ammonia, free from carbonate ((’(>2 may be precipitated with 
CadU solution), the solution heated to boiling, and X /4 potassium chromate 
added from a burette in Jy cc. portions, (iach time r<*moving the flask from the 
heat, allowing the preci])itate tci settle and e.xamining the clear solution. A 
faint y(ilh)W color will appear as soon as tin; excess of barium has been j)recipitate<l 
and a few drops of the chromate in exc,e.ss are pres(;nt in tin; solution. 'I'ho value 
of the chromate being equivalent to tin; barium chloride cr. j>nr cc., tlu) difference 
between the two titrations is due. to the barium chloridt; re«|uired by the sulphate. 

One cc. X/t lJaOl2=O.OI gr;im SO.-,. 

Notks. Salts of the alkalies, alkalitui earths (Sr and and zinc arul cudminin 
do not inUjrfcTC. Nickt;!, cobalt .hikI copper, however, giv»! colored solutions which 
prevent the yc'llow chrotn.ate being .se«*n. Should the lalt«‘r be )>re.s(!ut, the end-point 
may be r<*(;«»gniz»‘d by using anitnoniacal lead acetate as an outside indicator (1 vol. 
NIbOll +4 vols. I’bttjHjt tadtlbit ), sol.), the in<lical«)r and tilr.ated solution being 
mixed drop per droji on a white tih*. A yelhmish red ct)lor indicates the preseiu'c of 
chromate. 


Precipitation of the Sulphate with Barium Chromate and Titra^ 
tion of Equivalent, Liberated Chromate with Iodine and 
Thiosulphate, Hinman's Method.' 

H'he sulphate, j)r<icipitated by barium <‘hrojuat.c, liborat(^s an <*<iuivalcnt 
amount of chromic acid, which is determined by treating with iHttassium iodide 
and titrating the liber.at<*d iodim; with thiosidphate. 

Reactions. Xa2S(.)4-l-H:i('rt)4 — HaS()4-l-Xai( V()4, 

Xa2(M)4+:iKI-|-SlI('l -2\a( ’l+:iy\('l-l-(’r('l., 1- lITsO-b.'lT, 
aXasSjOs-l- 1-4 = 2XaI-l-Xa,S4( )«. 


Procedure.® The solution of the; sulphate, containing not over 2 ])er ccuit 
of SOa, if acid, is alnuist neutralized with jjotassium hydroxide, then heated to 
boiling, and an excess of barium chromate solution added.® AftcT boiling for 
one to five minutes, the hot .solution is ix'utralized by adding calcium car- 
bonate < until no further effervescence <K'curs. The precipitate is filtcn*d off and 
washed with hot water. The combined liltrates containing the chromate liberated 
by the sulphate thrirngh double decomposition, is acidified with 5 cc. strong 


'TroaeVveW an«\Tla\\, “ Analytical Chemistry,” 2 , 4 lh Ed., p. 716 . Am. Jour. Sci. 
and Arts, H4, 478. 

* 8ct! i>. 7 Hi. 


* Tho huriiuii 
bonulo or Ho]til>]c 


(ilironiutc* iisod should ho froo from s<'Iul>lo ohromato, barium <rar- 
hnriiiin suit. J iio f*(jmpouiici may bo proparod by procipitatinff with 

lirccipitatc 
pure water, 

chloric .aciiT. ’ <"'5-«>*vc(i m a liter of normal hydro- 

hydroxiii^nd)^ excess neutralized with aimuonium 

carboS blao^ubie solution is filtered, iiy using calcium 

JSXfo5fS?C ldVXu, elements would bo formed, and low 

results tor isUj would follow, 1 his is avoided by the use of ammonia. 


"'V ^ may oo proparod f)V t>rocipl 

potassium chroma e added to a boiling .solution of barium chloriihi. The 
18 u ashed with boiling water containing a little aectie acid, and finallv with i 

;hU,ri'o7,.ii"“‘- ' <H-»lv.»’nra liK non 
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hj'drochlorif* acid i)or cacli 100 cc. of filtrate and an excess of potassium iodide 
added. Iodine etiuivalent l.o the chromic acid is lihnmted. This is titrated with 
N/10 sodium thiosulphate!. 

One ec. of X/IO thiosulphate =0,(X)32()0 gram lIaS()4.‘ 


Benzidine Hydrochloride Method ^ 


Benzidine sulphafe, 0ijIl8(Xir2)2«ir2S04, is scarcely soluble! in water con- 
taining hj'droe*hlorie aeael. 'J'hc weak base benzidine is neutral te) ph(‘ne)lphthalein 
and the acid in its sulphate may be titnitenl Avifh an alkali.- The methexi gives 
re'liable re'sults in the analysi! »f all sul|)hates, i^rewided no substances are present 
which attack benizieline, and provielcHl the amenint of e>the!r acids anel salts present 
is not teM» great.® 


Reaction. Xa2S04-f-(h2H«(Xir2)2-2ir(’l =2XaCl+(',2n8(Xir2)2-ll2S()4 and 


(:Vdl8(Xn-)2-ILS04-t 2Xa()IT =f ',2lU(Xll2)2-2IT2()+Xa2S04. 


Reagent. Benzidine hydrac/doride is preparexl by taking 0.7 grams e)f the 
free base', or the cenTCspeuieling anienint eif the! hyelre»chle)ride juiel mixing into a 
paste with 20 cc. of wate*r in a mortar. Twe'uly e-e*. ejf hyelre)chle)rie! ae’id (sp.gr. 
1.12) are atleled and the mixture dilute'el to e.xactly l(X)t) cc. One cc. of this 
sohitiem cenTOspemels te» O.tKIlioT gram Ih-Stb. The se)hitie)n has a brejwn cedew. 
Brenvn flake's are liki'ly to separate emt eni staneling, bed. these do ne) harm. 

Procedure. The sulphate seelutiem is elilute'el with wate'r se) that there is at 
h'ast a hO-cc. vedume! for each 0.1 gram sulphurie* aedel jm'se'ht. An e'ejual vedume 
of the reagent is vige»reiusly slirre'd in, anel the preeapitate alletwe'el te> settle! few 
feu minutes. Tlu! setiution is filtered enite) a deiuble filter, jdaes'd e)n a peire'chiin, 
perfenateMl plate in a funne*! (a Buejhncr is O.K.), gentle suctienj being applied. 
The last pe)rtie»ns e)f the p e'e'ipitate! are transfcrre'el te) the filter by nu'ans e)f small 
peirtiejus e)f the clesir filtrate*, and the ceijupeeiind then wjushe'd with 20 cc. of cold 
water adele'd in small i)e)rtie)ns and sucked elry with eaedi sulditiem. The pixicipi- 
tate anel filte'r are idace d in an ]']rlenme*yer flask, 50 e-c. of water adele'd, and the 
mixture shaken until hon'e)ge‘n('e)ns. IMienolphthalein inelicateir is ne)W aeldt'd, 
the mixture hevvted te) abe)ut 51)° ('. anel titrated with N/IO se)dium hydre)xkle. 
When the enel-pe)int is nc'arly re*ae’he‘el, the liepiid is beeiU'd fe)r five minutes, and 
the titratie)!! the'ii ce)mi)le'ted. 

One* cc. X/lf)-0.(K)t‘M)l gram 112804. 

1 X/10 Nji 2S2(),= - ’*= OS.OS -^:J0= ,‘f.2()«). 

*Mcthe)el snggesteel l)y Itaschig, Z. a. Chem., (>17 eiiid 818, 1903. 

» 1' riedheim and NjelcgRcr (Z. a. (’hem., 9, 1907) have loutul that there should 
i)e)t be me)re) thiin 10 mol. IK’l, 15 mol. UNO*, 20 inol. 5 ined. alkali salt, 

or 2 )ne)l. fe'rrie' iron pn'sent to 1 mol. I^SO*. S(!e Treadwell and Hall, "Analytical 
Chemistry,” ]>]). 714-71(5. 
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DETERMINATION OF PERSULPHATES 
Ferrous Sulphate Method 

Ferrous salts in cold solutions are oxidized to ferric form by persulphates. 
Advantage is taken of this action in the quantitative detennination of persul- 
phates. 

Reaction, 2FeS04+HjS208 « FcjCSOiIs+HjSO^. 

Procedure.* About 2.!i grams of the persulphate are dissolved in water and 
diluted to 100 cc. Ten ce. of this solution, eciuivalent to one-tenth of the sample, 
weighed out, are placed in a flask and a considerable excess of standard ferrous 
sulphate solution * added, say KM) cc. measured out from a burette. The solution 
is diluted with an eciual volume o' hot, distilled water (70 to S0° C\), and the 
excess ferrous sulphate titrated with N/10 i)otassium permanganate. 'Fliis titra- 
tion is dedu(!t(>d from the permanganate crpjiv'alcnt of KM) cc. of the ferrous 
solution taken (if this amomit was used). The dilfercMice is due to persulphate 
oxidation. 

One cc. N/10 KMnO^ =0.(M)!)7()S gram Il-iSsOs; or =0.01 14 gram (XlfO^SaOg; 
or =0.01. '{.52 gram KjSaOg. 


Oxalic Acid Method 


Oxjilic acid, in jimsence of silver sulpJiato, re luci's p isalphaOis in accordance 
with the reaction. 


ir2(’2()44-Il2S,()* -'2112804 


1 - 200 .. 


Procedure. AlM)ut 0.r> gram of the i)ersulphato is plact'd in an ICrlenmeyer 
Hask, .50 cc. of N/10 oxalic acid .added, together wil.h 0.2 gram silver sulpli.atc 
in ‘20 ce. of MY f, sul))huric acid solution. The mixture is Invited on the water 
bath for alnait half an hour to expel carbon dioxide. Wlien the evoluthm ceases the 
li(iuid is diluted to KM) cc. with warm water and titrated warm (.about 40® ('.) 
with N/10 potassium iH'rmanganato. 'Phe excess of oxalic acid is titratial, the 
difference is due to oxidation by the pi'rsulphate. 

For cahailation sec factors in previous method. 


* Mothml suggested by T.e Blanc and Eckardt, ( ’. N., 81, 3S. 

* About ;{0 grains of ferrous sulphate or ferrous niumonium sulphate crystals are 
dissolved in 900 ec. of water and the volume iiuide to KKM) ec. with con<!enlr{il.ed sul- 
phuric acid. The reagent is staiuLardiml against N/IO ))otjussiuin permanganate 
and the value jier cc. in t.erms of the standard permangan.ate iioti'd, (he cc. p(*r- 
manganate solution required divided by the cc. of ferrous sul]>hate solution taken 
for titration, gives value of the reagent in terms of the pennanganate. 

The solutions are beet verified upon u jKirsulphatc of known purity. 

* 11. Keinpf, Her., 38, 3905, 1906. 
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DETERMINATION OF SULPHUR IN COMBINATION AS SUL- 
PHIDES, SULPHITES, BISULPHITES, METABISULPHITES, 
THIOSULPHATES, SULPHATES. 

Available Hydrogen Sulphide in Materials High in Sulphide Sul- 
phur. Iron Sulphide, Sodium Sulphide, etc. 

Evolution Method. Since it is desired to obtain tiie HjS that ordinarily 
would be oi)tained wlicn the sulphide is treated with a strong acid, tlic ir.at of 
metallie alun'irum or zinc and llte addition of stannous chloride solution used 
in the procedure given on page 401 is oinittod here. 

Procedure. ()./> to 1 gram of the sulphide is placed in the dry evolution flask. 
All connections arc now made as directed in the general procediiiv. Three 
absorption bulbs containing neutral solution of cadmium su!i)hate arc connected 
to the condenser, and supjxn-ted by wires attached to the thistle tube and the 
ann of the conih'iiser. All <*onn(*ctions being tight, 100 cc. of dilute sulphuric 
acid, 1 : 4 arc added tlirough the thistle tube and 1I»S evolved. The procedure 
is now <h(! same as described on page 401. 

Titration. W'Ikmi the evolution of the II-S is complete, the bulbs containing 
the i)reeipitat<! are c'lnptied into a beaker and carefully washed out. The pre- 
cipitate is noAv filtt'red ami washed five or six times imtil fre'e of a<‘id. M(*thyl 
orange is add<‘d to the filtrate; and the* free aeiel titrated with N/lt) NaOlI. 

The preM'ipitate imiy bo titrated with iodine according to {/>) under general 
method of procedure, using an excess of itxiine, followed by starch and a<*id and 
then titrating b:ick with sodium thiosulphate solution. A (louble check may thus 
1)0 obtained. See page 402. 

If it is desired to w<*igh the (MS precipit.atc*, it is bt'st to evolve the lIjS into a 
neutral solution of c.-ultiiium salt. I'he i)n>eii)itate formed in a maitral or slightly 
acid .solution is crystalline ami easily filtered, whereas that fonned in an aimnoni- 
aeal solution is gelatinous. 

When a neutrjil (MSOi or (VK’b solution is used, ILS should be ev«)lved by 
sulj>huric acid and not by hydroeddorie acid, as the lattc-r is volatile, and will])ass 
through the condcMising bulb reeonumauled in the general jirocedure. 

One ee. X/IO XaOll =.(M)1704 gram 11,S 
“ “ -.OOTlfM) gram KeS 

“ “ -.(K«904 gram Na,S. 

Hydrogen Sulphide and Soluble Sulphides 

Direct titration of hydrogen sulphide water, and .soluble sul))hide.s in solution 
may be m;ide in absence of other substamavs acted u[)on by iodine. The solution 
contiiining the sulphide is added to an p.\c(*.ss of N/IO iodi?te solution, made acid 
with hydrochloric acid, ami the excess iotline titrated with N/10 sodium thio- 
suljihatc. The following reaction takes i)lace; 

HjS-f-I, =21Il-}-S. 'I'he cc. Na 2 S.()s are subtracted from <-c. 1=1 reticting 
with i r .S. One cc. N/ 1 0 iodine = 0.001 74 gram ILS. 

Notk. The soluble sulphide may be delcrrnincd gravimetrically by oxidizing 
with bromine, the reagent being added until the solution is colored brownish red, 
the excess oi the halogen removed by boiling and the sulphate precipitated as BaSO,. 
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Determination of a Sulphide and a Sulphydrate in Presence of 

Each Other 

When a iiiixiiiro <>f siilphidi! tiiul suIpliydraU; is treated witli iodine the follow- 
ing reaetiuns take i)laeo : 

HiS-fr4=2iri-|-S and XallS-j-^r^ =Nar f-HI+S. 

It will he noticed that the acidity prodnceil by the first rc'action is twice that 
caused by the iodine action on the sulphydrat.(^ juid that the acidity in the latter 
titration remains unalTected. 'I’lio rc'actions with the alkali salts is effected by 
addition of a standard iodiiu; solution containing a known ainnnnt of hydrochloric 
acid. The reactions in this case art; as follows: 

Na 2 S-i- 2 HCl =2Naa-l-H,S and NaSH+IK’l = Xa(U-j-ir.S. The iodine reacts 
with the H«S as follows: Il 2 S-f-l 2 =2Ill-fS. 

l*'rom the s(*cond set of reactions it is evident that the fiuantity of hydriodic 
acid fornuid liy the action of io<lin(5 on the sulphide is eciuivalent to the hydro- 
chloric acid reijuired to decompose the sulphide, so that the acidity remains 
unchanged. On the other hand with .sulphydrate, XaSlI, the hydriodic a<‘id 
formed by the iodine oxidation, is Uvice the ecpiivahint of hydrochloric acid reciuired 
to decotnpf».se the acid salt. Hence it is evident that the acidity i.s a measure 
of the (piantity of sulphydrate pn'sent in the mixture. I'’rom the second set of 
reactu)ns the following i)rocedure is devised. 

Procedure. To a measured amount of N/10 iodine solution containing a 
measured amount of N/10 liydrochloric acid (the mixture diluted to 400 cc.) 
is added the solution containing the sulphide and sulphydrate from a burette, 
until the stirred solution becomes a pale yellow color. (The cc. of solution added 
is noted and its equivalent of the ssuuplc calculated.) Starch is now added and 
the excess of the iodine titrated with N/10 sodium thiosulphate. The cc. of 
thiosulphate in ternus of N/IO solution .subtracted from the cc. N/10 iodine 
solution taken give cc. iodine required by the .sample added. The acidity of the 
solution is now tletermined by titration with N/10 sodium hydroxide. The cc. 
NaOII required by the 111 give total NaOII minus cc. N/10 IICl presejit in the 
iodine solution. 

Calculation. A. Cc. N/10 iodine recjuircd by the sample minus twice the 
cc. of N/10 NaOH reejuiredby Ilf formed by the reaction multiplied by 0.00.39(KJ 
give weight of NajH, (i.c., cc. I —2 cc. NaOII) X0.(M)y904 =gram Na..S. 

li. Cc. N/10 NaOII rc<iuircd by the HI multiplied liy O.OO.")!)!) gives gram 
weight of NaHS. Or in brief: cc. NaOII X0.(K)o(»08 = gram XallS. 

The above weights multiplh'd by 1(X) and divided by the weight of .sainjde 
used in the iodine titration give i)er cent (»f con.stitm’nts in the sample. 

The method is of value in the analysis of alkali .suljihides in absence «»f other 
compounds, which are d<!Compose<l by hydrochloric acid and which react with 
iodine. 

Determination of Thiosulphate in Presence of Sulphide 

and Sulphydrate 

The sulphide and sulphydrate sulphur is rc*moved from the solution by adding 
an excess of freshly precipitated cadmium carlM)nate. I'lie solution is filtered 
and diluted to a definite volume and the thiosulphate determined on an aliquot 
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IM)rti(>n l)y running it into nn excess of X/IO iodiiu; solution iind tilmting the 
excess of iodine willi N/IO thiosulplintc solution. 


One ee. N'/IO i(»dine =0.()24S22 Knnn X;i2S,(),.r)ir,0. 


Determination of Sulphates and Sulphides in Presence of 

One Another 

In one portion of the sample the sulphide; is d(;eompos(Ml land the hydrogen 
sulphide expelled by boiling the solution (in i)reseue(; of (’O2 replacing air in the 
flask) after acidifying Avith hy<lroehlorie. acid. The sulphate; sulphur may now be 
precipitate<l as liaSOi by the usual methods. 

In a second portion total sul])hur is determined aft.(;r oxidizing the sulphide 
with an excess of bromine and boiling out tlu; exec'ss of halogen. Total sulphur 
minus sulphate sulphur -=sul|)hide sulphur. 

The sul))hide may be oxidized with fuming nitric acid by boiling the solution 
in a flask with reflux condenser. The nitric, acid is ex|M;lled by evajMirating the 
solution down to a moist residue. The sulphate is n<;w jm'cipitated by taking up 
the residue with water, adding HCJl and then suflicient JiaCh to cause complete 
precipitation. 

Determining the Sulphur in Thiocyanic (Sulphocyanic) 

Acid and its Salts 

Oxidation of the sulphur may be accomplished as dcs(;ribcd for sulphides in 
the preceding meth<»d either by means of bromine or by funiing nitric acid. The 
sulphur is then prccipitatccl as BaS04 :is usual. 

Determination of Sulphurous Acid (SO 2 in Solution) Free, or 
Combined in Sulphites, Acid Sulphites, Metabisulphites and 
Th iosu 1 phates 

Gravimetric Method, Oxidation to Sulphate and Precipitation as BaS04. 

Sulphur dioxide, free or combined in a soluble salt, may be oxidized to SOs or 
sulphate by means of an <ixidizing ag(;nt such as chh)rinc, or bromine, or hydrogen 
peroxide (alkaline solution). The sulphuric acrid or sulphate may be then pre- 
cipitated and detennined as llaSO, in the usual way. 

Procedure. The halogen (bromine preferred) is tuldcd (in a water-saturated 
solution) in hirge excess to the sample, the free halogen then boiled out, and sul- 
phuric acid precipitated, from a solution made slightly acid with hydnichloric 
acid, by addition of a solution of barium chloride, according to the standard 
procedure. 

If hydrogen peroxide is used, the solution should be made alkaline with 
ammoTiia and the p(;roxide added, the excess boiled out, and the solution then 
made acid iis directed above. 

BaSO4X0.3517 = H2S(),, <»r X 0.5401 -Xa^SO,, or X 0.4458 =NaHSO,, or 
X0.3387 =Xa2S40j, or XO.2/45 =i502. 

Note, If hydrogen peroxide is used, it should be tested for and allowan<}9 

made accordingly. 
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Volumetric Methods 

Titration with Iodine. Sulphurous Acid, Sulphites, Metabisulphites, Thio« 
sulphates. KulphunMis jiritl, roiubinod orfr('<‘, miiy l)e titrulcd with iodine solu- 
tion, tlio following reaction taking place: 

so,+2i+2n.()-ir.s(),+2irL 


The titration is aeeoni))lis1ied by adding the solution «)r sidplmrous acid, sulpliite, 
or thiosnl{)liate to the hxline, not in the r(*vers(* onh'r, sinc<i in the latter onh'r low 
results are obtained, unless the solution is very <lilute (less than O.Ol'’/! SO.-).* 

Procedure. Fm; grams of the sample (sulphurous acid solution titrated 
dire<!tly) are dissolvc'd in a littht wat<-r and transferred to a TitMt-ce. graduated 
flask, then imuhj to volume. JOach cc. of this solution contains 0.01 gram of tlu; 
sample; 100 cc. of X/IO iodim*, or their (Hiuivalent if the solution is stronger or 
weaker, arc phuxal in a beak(‘r together A\ith a f«‘w droj>s of hydro<‘hloric acid. A 
portion of the sample in a l(M)-c<-. Inin'tte is now run into tlio iodine, with con- 
stant stirring, until the color of tim fr<*e iodine has almost fafled out; a little 
starch solution is now added and the titration c<»ntinued to the complete fading 
of the blue color. 

Since each ee. of the sample contains 0.01 gram of the material, it follows 
that the 100-cc. iodine equivalent in terms of the inatt'rial titrated expressed to 
the fourth decimal place as a W'hohi numlx'r, if divided by the cc. of the sample 
required, will give tlie |K!r cent of the substaiuie sought, provided other titratablo 
substances are abs<;nt. 

Example. Siipixjsc sodium sulphite is being titrated, then since 100 cc. of 
N/10 iodine are eiiuivalent to 0.0304 gram NoaSOa, 0.304 divided by the cc. 
Na,S(), solution required gives iwr cent NuaSOa. If 03 cc. were required the salt 
would be 1(K)% pure. 

Notk. When the iodine e(]uiva1ent is over unity, it is ne«'ess.ary to take a larger 
sample per .'MKl-ce. volume to avoid having a titration of ovc*r 100 cc. For e.\ample 
in the aiiali/tiis of sodium lliiosul/diulr, a 20-gram sample is diluted to .5CM) cc. and a 
portion of tliis atldcxl to 100 cc. of N, 10 iodine solution. In this case it must be kept 
in mind that each cc. of the sanijikt contiiins O.Ot gram of thiosulphate and the per- 
centage* cah'iilated accordingly inxm completing the titration. 

If the titration «if the iodine is matle in a €;as.sero!e, tlu; end-point may readily be 
rocogni/.fxl without the addition of starch. 

Equivalents. KM) cc. X/10 uxlinc solution will oxidize; 

Sodium sulphite (anhydrous), NaaSO.! =0.0304 gram, or 0.3203 gram SO,. 

Sodium sulphite, NaaSOj.TH-iO =1.2<i0(> grams. 

Acid sodium sulphite, NanS 03 = 0 ..'> 20 -t gram. 

Sodium mctabisulphite, NaaSsOs (atdiydridc of KallSO*) =0.47.’).3.5 gram. 

Sodium thiosulphate, NaaSafb'.'illaO =2.4.S22 grams. 

Note. Hydrogen sulphide or sodium sulfihide : re also titrateil with iodine. 
Equivalents for 100 cc. N/10 iixline =0.1704 gram IlaS, or 0.31)04 gram NaaS. 

*A secondary reaction takes jilaco, the hydriodic acid formed rcdui’ing the SOj 
to S, e.g., S()a-f-4Hl = 2 IIaO-|- 2 l 2 -l-S. (J. Volhard, Ann. d. Chem. u. Pliann., 242, 

94.) The solution, if not'too clihito, will show a dist inct separation of sulphur. (Tread- 
well and Hall, “ Analytie.al (Micmistry,” 2, 3d Kd.) Kaschig believes that a loss of 
S()j occurs, due to evaporation. (Z. Angew. Chem., 1580, 1904.) See Sutton, “Vol- 
umetric Analysis,” 10th Ed., pp. 128, 129. Gooch, “ Methods in Chemical Analysis,” 
1st Ed., pp. 394-368. 
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Determination of Sodium Thiosulphate. Tho ioclino titration is dcscribwl 
on page 410. S<‘(* also the ehaptc'r on hxline. 


Acidimetric and Alkaliinetric Methods 

Titration of Sulphites, Acid Sulphites (Metabisulphite) or Sulphurous 
Acid. The choice of indicator is iiii|)ortant as the titration with one may be 
different, from that obtained in i)resencc of another. Tor example the titration 
of sulphurous acid ])y an alkali in presence of phenolphthalein is twice tin* titration 
necessary to obtain an alkalim^ r(*action Avith methyl orange. The rt*ason for 
this is cvid«‘nt by the fact that \a-.>S().n is neutral to phenolphthalein and alkaline 
to methyl orange, whereas NaIlS().i is neutral to nu*thyl orange but is acid to 
phenolphthal(‘in. A(h’antago is taken of this in the analysis of salts conhuning 
a mixture of the normal and acid .salts. 

Reaction. With phenol])htha!eiu Tl 2 S 03 + 2 Xa()lI =Na3803+21l80. 

With methyl orange lljSDa+XaOlI =XallS 03 +H 30 . 

On the other hand if a salt is being titrat(‘d, methyl jirange cannot bo used 
for the titration of metabisulidiito or a<‘kl sulphite, siin-e tln'se salts are neutral 
to this indicator, here phenolphthalein is retjuired and an alkali titration made. 

Reaction. XaHSOs + XaOll = Xa,S{) 3 . (Xa^S^Os+IhO =2XallS()3.) 

Again if sodium .sulphite, NajSO.,, is to be titratc'd, ))henolphthaiein would not 
do as an indicator, since NajSOs is neutral to this indicator. Here an acid titra- 
tion is rectuired with methyl orang<? iiulicator present: 

2Na2S03-|-Il2804=2XaHS()3-t-Na*H04. 


A. Sulphurous Acid 

For the alkali titration of this acid it is advisable to use methyl orange a.s 
indicator, since this is not affected by carbon dioxkle, which is very frecpicntly 
present. 

Reaction. IliSOs+NaOII =XalI80s. 

One cc. N/1 XaOIt =0.00407 gram SO*, or=0.0S20» gnun HjSO,. 

B. Sodium Metabisulphite 

Sodium acid sulphite does not exist in dry form, since the salt loses water 
and the anhydride Na 2 S 2 (.)s rcjsults. This is analogous to sulphurous acid, which 
exists only in water .solution. It has been found that the acid suljthitc solution 
evaporated to crystallization yiehls a prcnluct, which though dried with extreme 
care, fonus the anhydride .salt, Na-iSaOs. For correct report,, therefore, the solid 
should be reported as nietabisulphite, and the solution of the salt as acid sulphite. 

Since metabisulphite in solutkm, or acid sulphite, is neutral to methyl orange, 
phenoli>hthalein indicator must be used and an alkali titration made. Carbon 
dioxidc-fr(‘e water and migcnt^s shoidd Ijc u.sed. 

Reaction. Na2S20s-|-H20 =2XaHS()3 and NaHSOs-f-NaOII =Na 2 S 03 +H 20 . 

Procedure. 9.507 grams of the finely ground powder are dissolved in about 
60 cc. of cold saturated salt solution, to which has been added from a burette 
50 cc. of norma! sodium hydroxide. The salt solution should be made neutral to 
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phenolphthalein. One cr. of 0.]^,, sointion the indicator is added and the 
excess acid sodium sulphite titrated with normal sodium hydroxide until a per^ 
maneut faint pink color is obtained. 

Since the normal ofniivalcnt of the salt has been taken for analysis the (!c. 
alkali titration, including the .*10 cc. f»riginally present, will give the perc<‘ntage 
directly in term.s of Na*S 20 i. 

Note, 'i'he NaCl serves to give a shari> aiul more i)crmanent cn<l-point. It 
may be necessary to add more of the indicator towards the end of the titration. 


C. Sodium Sulphite, Na 2 S 03 

Sodium sulphite, NsiaSOj, is neutral to pluaiolphlhalein an<l alkaline to 
methyl oraflge. 'ria* titration of tins .salt is accom]>lislied by addition of staridard 
acid in presence of methj’l oraiigt;. 

Reaction. 2Xa2S03+ll2SC)4 =Na2S()i+2XaIIS03. 

Procedure. The normal factor weight (12.0 gr.am.s) of the salt is dissolved 
in about 2.50 cc. of distilled water, 1 cc. of methyl orange added, followed by 
normal sulphuric acid, added from a burette until a faint orange end-iioint is 
obtained. As in the cjlsc of the nietabisulphile, each cc. of noniial .sulphuric 
acid equals 1% Xa 2 S().i. Hence th(^ iiercentage is obtained directly from the 
burette reading. 

XoTKS. Organic coloring matter lUJiy be removed from the solution by filtering 
through char<’»)al. 

It sfMlium carbonal.e is ])rcscnt, it will also be titrate*!. .\ <‘orrc<|tion must be 
npi>lied f«>r this. In tlic' jm'.sen***' of .sodium e.nrbonsit*! the solution will b«‘ alkaline 
to phenolphthjilcin. ,\n .appro.ximat*! cstitnation of this nmy be obtaiiu'd by tilr.a- 
tion with normal acid in ]ir*’s«’ucc *»f this in<lieat*>r, remembering that sodium bicar- 
bonate, NalKlOa, is mmtral to i'hen<ilphth.Hh'in, h**nee twice this titration must be 
deduct*’*! from th** tot.al methvl *)range titration, i.e , Na2(M)3-{-Il2»^f b (?.!.().) = 
NuiStb+HatX), ami 2Na.S(b-l-li,.S04 (P.) =2XaHS<)4-l'2Xallt:o,. (Alkaline hydrox- 
ides will als*> be titTat*id.) <’( >2 may also be obtaintul by the standard i>roct 5 dure under 
cjirbon, the SOa being oxidized by addition of chromic aci*l. NaaCOjX 1 . 5 “equiv- 
alent N 02803. 

Sodium carbonate may be detected in a sulphite or metabisulphite by adding 
cold, dilute acetic acid (25%) to the dry priwdered salt. An effervescence is due 
to the presence of carbonate, since a sulphite or mctabisulphitc does not effer- 
vesce under similar conditions. 


Determination of Sulphites, Metabisulphites, Thiosulphates, 
Sulphates, Chlorides and Carbonates in Presence of One 
Another 


X. Sodium Sulphite, Na 2 S 03 

This is determined by titration with standard acid in the presence of methyl 
orange indicator according to the standard procedure previously described. If 
a carbonate is present, allowance must be made for this as stated 

One cc. N/1 H2SO4 =0.126 gram Na2S08. Calculate to 'per cent. 
NaaCOsXl-S “equivalent Na^SO*. 
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2. Sodium Metabisulphite, Na^SoOs 

This is doterruincd J)y titration with a standard alkali in tho presence of 
phenolphthalcin indicator according to the procedure jireviously described. 

One cc. N /1 NaOH —0.09.507 gnim NajS/> 4 . Calculate to per cent. 


3 . Sodium Thiosulphate, Na 2 Si >03 

One gram of the mixed salts is placed in KM) cc. of N/ 10 iodine solution, and 
the cxce.ss of iodine titrated with X /10 sodium thiosulphate accjmling to tho 
stsindard procedure. 

Calculation, {(cc. X/10 T— cc. X/IO Xa^SsOs) — XajS2ObX2.104) 

Na,S()aXl..5S()l)]} Xl..5S14-% XajS.O,. 

4 . Sodium Sulphate 

Tho sample is dissolved in a little water, liydroddorie .acid .added, and the 
solution boiled to expel all of tho SOj. Jiarium sidi)hatc is now precipitated 
and diitennined according to tho standard pro<’t!dure. 

liaSO4X0.00.S() =Na2S()4. 

Noth. The amount of the sample required is governed by tho per cent Naj.S ()4 
present. 


5. Sodium Chloride 

Th(? sample is dissolved in wati'r, nitric acid added and the solution boiled 
until all the SO 2 has either been volatilized or oxidized. The chlorine of the 
chloride is now precipitated with silver nitrate from a hot solution by the usual 
procedure. 

AgClXO.4078 =XaCI. 

Note. Tho amoimt of the sample taken is governed by tho per cent of NaCl 
present. 


6. Sodium Carbonate, Na2C03 

Carbon dioxide is evolved from the mixture by means of chromic and sul- 
phuric acids, the former being used to oxidize the SOa of the sample. The evolved 
gas is bubbled through a mixture of strong sulphuric and chromic acids to remove 
any SOa that may have escaped oxidation. Fig. 20. The COa is ab 8 orl)ed either 
in caustic and weighed or is passed into a standard solution of barium hydroxide 
and titrated according to the standard procedures given under carbon. 

Note. The amount of the sample taken is governed by the per cent of NaaCOt 
present. 
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DETERMINATION OF FREE SULPHUR IN A MIXTURE 

From 1 to 10 Rraiiis of tlie material, d<ip<!iMUng upon the amount of sulphur 
present, is extracted in a Soxhlet extractor (see modified form l'’ig. 61) with carbon 

tetrachloride, or carbon bisulphide (freshly dis* 
tilled) for twedve hours. The extra<‘t is evapor^ 
ated to dryness, adding 10 cc. of bromine-carbon 
tetrachloride mixture together with 15 <’c. of nitric 
acid. The resichic is taken up with 10 cc. of 
hydrochloric acid, diluted with 150 cc. of distilled 
water, heated to boiling :ui<l the; sulpliuric acid 
precipit.at<id with 10(r barium chloride solution, 
washed, dried, ignited atid weighed accordirjg to 
the i)rocedure for sulphur. 



IkiSt )4X0..WS51 

jhiS( ),x looxojar.Ts 

Weight of .sampli! 


lia. 


-lM;r cent free sulphur. 


tlesired. 


Sand(‘rs’ e.\l niction jipiiaral us has s(‘veral 
advantag(\s that make tliis api):iratus desirabhi for 
laixtralory use, where a miml)er of daily e\l ractions 
are recpjired. As may be s(‘en from Fig. 06, by 
simply removing tlu; glass sto])per I) thc! <’ylinder 
may be charged witlunit disconnecting the appara- 
tus, as is neee.ss.ary witli the Soxhiet tyi)e of appa- 
ratus. The extraction is carried on with the traps 
A and li clo.scd, the siplnni t t' acting automati- 
cally as in case of the; Soxhiet. With A clo.s<*d 
and li o|Hmthe apiMUvtus may be used a.s a reflux 
eonden.ser. 'I'he solvent li(juid may bc^ drawn off 
by o|Mming .1. With H clos«‘d and A ojk'h the 
apparatus may be used jis a eondenser and the 
<‘ther, ehlorofonu, carbon disulphitle, <>tc., distilhid 
Apparatus. from (\ 'Phe globe-shaj)ed Stixhlet cond<mser may 

bo replaced by Allilm’s or Liebig’s condcn.ser, if 
The ball foim, ht>wcver, is more comi)act. 


EVALUATION OF SPENT OXIDE FOR AVAILABLE SULPHUR 

Spent oxide is the by-i)roduct of gas works, .and refers to the s{)cnt FcaOs used 
in thc scrubber for the removal of hydrogen sulphide from the gas. Thc FeS, 
as in case of pyrites, is used in the manufacture of sulphuric acid, and is evalued 
by its available sulphur content. 

Total Sulphur. The oxide is sampled, brought into .solution and thc sulphur 

»J. McC. Sandera, Proc. Chem. So<5., 20, 227-228, 1910. Tlic! Analyst, 86, 656, 
1910. 
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dotfirminod exactly' as is given uiid(*r the standard natthod for dctcmiinalion < f 
sulphur in pyrites ore. 

Residual Sulphur. 'JVo grams of the inatenal are ignited to expel volatile 
sulphur, a porct'lain crucil)lc iMung used. The iTsidue is treal(‘d with sti'ong 
hydrochloric acid and after digj'stiou on the steam or water hath is diiuti’d with 
water and filtered. (If is })i'esent evaporation to dryii(*ss is neeessjiry.) 
Sulphur is determined in the filtrate as usual. 

Available Sulphur. The per ec'ut of i'<‘sidu;'l sulpluir is suhtraeted from the 
jM'r cent total sulphur, the difTerence Ixung available sulphur. 

Iron. This may he detennim'd on an igtiit(*d sample aeeording to a staiuhinl 
procedure for iron. See chapt’ • on Iron. 

ANALYSIS OF BRIMSTONE 

The imimrities in hrimstone are seldom mf)re than a few ti'iiths jM'r cent. In 
the usual anal^’sis, moisture, available sulphur, ash, arsc'iiie, and ehlonne are 
recpiired. 

Moisture. 'I'he ])owdered sample, weighing '>0 graii's, is spn'ad out on a 
watch-glass and dried for an hour at l(K)° (’., then cooh'd in a desiccator and 
w(!igh(‘d. 

Loss of weight in grams m«iltipli(Ml by 2 —per cent moisture. 

Available Sulphur. 'JVn grams of the sulphur taken from the dried material 
are heated in a silica or porc<>lain dish until the sulphur igidtes. 'i'hc heating is 
discontinued during the burning «)f the substance, but reiu'wed for a minute or 
so after the sidphur has burned away. Loss of W(‘ight of the cooled residue is 
due to the available suljihur. 

Notk, Organic matter in brimstone is not !ii)])n'ciuble. 

Ash. I’his is the residue that remains in th«5 dish. 'J'lu! increase of weight 
of the tared dish is duci to the ash. 

Arsenic. Ten grams of the material are treafe<l with .SO cc. of <!arbou tetra- 
chloride mixture (d parts ('(’l|-l-2 parts lir) and after standing for ten minutes 
25 cc. strong iiitrie sicid are added in small jMu tions (a waich-glass covering the 
beaker during the intervals of addition). 'Phe mixture is taken to dryjiess on the 
steam bath. Wattw is ad<lcd and the evaporation repeattid. Arsenic is now 
determiiMid on the residue by the (lut/<’it Method for arsenic. 

Notk. vVrscnic-free reagents should be emi)loycd. 

Chlorine. One hun<lred grams of the. brimstone are extracted with hot water, 
the filtenid extracts oxidized with 10 to 15 cc. of nitric acid and a few crystals 
of ammonium persulphate by boiling and treated with 5 cc. of 10% solution 
of silver nitrate. The solution, brought to boiling, is placed in a dark place and 
the silver chloride allowed to s<*ttle. This is now filtered off in a weighed (looch 
crucible and chlorine calculatcid from the AgCl. 

AgClX0.2474=Cl or =0.4078 =NaCl. 
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H. Stikut Owkvs ‘ 

Thy at.wt. 232.4; itp.gr, 7.7; 1 m.p. 1700**; oxides Th02. 

DETECTION 

(1) ]ly iiuKiiis of tho s|)ftctros{;(i|)o. 'riioriiitii shows linos of grcatost intensity 

in tho are spectrum at and lUIO.W. In tlie spark spectrum lines of ^roat- 

ost intensity at 3221.4, 33(M).(), 13S2.I, 1301.1. 

(2) By th(‘ a<ldition of If^Oj to a neutral solution of the nitrah's containing 
ammoninm nitrate. S<j(! page 41 S. 

(3) Jly radio activity, 'riiorium com|K)ninls possess tho power of continu- 
ally emitting Hce({uercl rays and radio act ive; ('manat ions. 


ESTIMATION 

The ostimatioTi of tliorinm is n'ciuired ehielly in tlu' fabrication of incande.sccnt 
givs lujintlos. Haw materials such as monazite; l’() 4 (('a,lia,l)i,Th)) and thorite 
('I'liSiOd are generally us('d. I'ho fonner usually eemtains from 2 to 4^/c of 
thorium whih; the latter runs as high as Sl.o^/f. Thorium nitrate in a rather 
impure state is tin; chi(;f intermediate product. The linislu'd mantle.s generally 
contain 9U% ThO* and l^,'(, C’eO,. 


Preparation and Solution of the Sample 

** A ” Silicates (as thorite, etc.) - are decomposc'd by treatnuntt with ten times 
their weight of fuming hydrochloric acid. This treatment usually suffie('s, but 
in case.s wlnwe an insoluble residue .still nanains it is fusc'd with ten times its 
weight of sodium carbonate in a large platinum crucible. Tin; fusion is dissolved 
in hydrochloric acid and added to the soluti(m obtained from the first (ixtraction. 
After the silica and the metals of the first group are removed in the usual way 
the solution is fn'od from H 2 S by boiling. The thorium together with the otlmr 
rare earths, calcium, magnesium, etc., are then pres('nt jis chlorides and the neces- 
sary s(']iarat ions made as (h'taih'd under gmvinu'tric (h'tennination. 

B ” Phosphates (as Monazite, etc.) (/) By Fusion with Potassium Acid 
Sulphate.^ O.f) gram of the finely pulverized material is mixed with 10 grams of 
])otus8ium acid sidphate in a large )datinum crucible, coven'd and heated until 
gentle fusion fak('s place and no further gas is given off. Then ignite over fn'e 
flame for a f(;w minutes, cool and tn'at with a little water and hydrochloric acid, 
until complete decomposition takes place. Boil for a few minutes, allow to cool 
and settle and decant off the clear li(iuid. Tin' residue is treated with concen- 

* Hi'search Chemist, New York City. 

* bung(‘, “ 'rechiiical Methods of vVnal>'sis." 

* Henz, “ Zoit. fiir angi'w. Chein., p. 297, 1902. 
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tratcd hydrochloric acid. Dilute and filter from the residue of silicic and tantalic 
acids. The filtrato then contains the thorium, etc., as chlorides. Determinations 
are made as detailed under gravimetric methods follow ing. 

(2) By Sulphuric Acid Extraction. The finely pulv'erized .sample is mi.\cd with 
sufticii'iit IIiS ()4 to fonn a paste and the mass heateil gently at first, then gradually 
increasing the heat to low’ n>dncss. After c(M)liiig the rare earths are di.s.solved 
from the mass with cold water. The thorium is then presnit in the solution as 
sulphate. After removal of the base metals in the usual way detenninations are 
carried out as detailed Isdow’. 

“ C ” Oxides (as gas mantles, etc.). In the case of gas mantles the organic 
matter is first burned off and tin* resulting oxides heated willi three times their 
weight of strong IbSO, in a pc.i’i’elain casserole. The ndxfure is heat(‘d on the 
sand liath at a temperature slightly below' tha’ required to drive off fumes of 
S().i for :i few minutes. After cooling the co dents an* diluted with a small 
({uantitv of wati'r and allowc'd to stand for several hours, 'fhe sulphates com- 
pletely <1 iss«)Ive .and (he sample is ready for the gravimcdric estimation as detailed. 


SEPARATIONS 

(1) The hydroxide is insoluble in an excess of the precijiitant. 

(2) 'J'he sulphate forms double .salts with K^SO,, whii’h are insoluble in an 
exce.ss of the reagent. 

(;}) Thorium oxalate readily forms a double oxfilate with ammonium oxalate 
in an excess of tlu* reageid^ 

(4) 'rhorium is [n-eciiiit ated together with the ran: earths by oxalic a<‘id. 

(o) Thorium ami cerium may be s<*|Kirated fro.n all of the other earthy metals 
if the hydroxides recently precij)it.iited are snsjiended in water containing 4 to 5 
limes their weight of caustic sodii and a current of chlorine gas p:i.s.«.ed through the 
solution. All of the other metals dissolve. The insoluble residue left under 
th(*se conditions is gelatinous like aluminum hydroxide. 

((■») 'rhorium m;iy be completely si'parated from e.-rium by precipitation with 
Hat h from a neutral soliit ion containing 1 0'V <>f ammonium nitrate. The thorium 
b(‘ing jin-cipitated as the peroxide w’hich on ignition readily changes to the 
oxide ThOj. 


GRAVIMETRIC METHOD FOR DETERMINING THORIUM 

The solution of the chlorides or .sul])hates after being freed from the base 
metals, silica, etc., is made nearly neutral with ammonium hydroxide and the 
rare earths jireciiMtated by the addition of oxalic acid in solution. In the case 
of mon.-ixite sands where 0.5 gram sample was used 1 gram of oxa!;:; acid is gener- 
ally sullicient, but in any c.ase the jirccipitate should be allowed to settle and the 
clear .solution tested liy the further addition of oxalic acid. Allow to stand at 
least twenty-four houi-s, then filter ami w’ash thoroughly W’ith water. The pre- 
cipitate is then Wiisheil into a casserole and treated W'ith strong nitric acid, adding 
a little at a time until complete decomiMisit ion has taken place. Then evaporate 
to dryness on the steam bjith to remove the excess acid. A second evaporation 
with water should follow in cu.se.s where the precipitate is apprecmblc. Take up 
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with 10% ammonium nitrate in sufficient ciuaiitity to cause a dilution of one part 
of thorium nitrate in 100 parts of W’ater. Hent to (iO^-tSO® C. and prcc*ii)itate th3 
thorium with 20 cc. of pure 3% U 2 O 2 solution for each KKl cc. solution. The 
precipitate which is usually colorcid ycillow by trace's of cerium ixjroxide is fil- 
te.n'd at once, washed With liot water coiitaiuiiiK ammonium nitrate, liy repre- 
cipitation after solution in nitric acid and nc'Utralizing the excess acid with 
ammonia pure thorium peroxide may Im obtained. The precif)itate is ignited 
in a platinum crucible and weighed as Th 02 . 

Thorium nitrate is assayed by precii)itating the thorium as j)eroxide accord- 
ing to the details given above. 


DETERMINATION OF MINUTE AMOUNTS OF THORIUM 

JOLLY’S METHOD * 

Solids after pulverizing arc fus(‘d with an alkali carbonate at 1000° C. and 
the fusion extracted with water, ^'ho residue is flissolvc'd in dilute hydrochloric 
acid and set aside for some days in order to allow t horium clisiiif (jgration products 
to develop. The thorium is then dc'tenniiKHl by boiling olT the emanations in a 
constant stream of air W'hich is passed through an electroscope. The rate of 
discharge of the eh'ctroscope is compared wuth that prodin^ed when a knowui 
amount of thorianitc w^as tested. It is necessary to boil the solutions befoie 
testing to expel any radium emanation that may be present. 


» J. S. I., 8, Vol. 34, 422. 
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H. A. Dakkk ' und M. S. Clauk * 


Sn, atMt, 118.7; 8p.gr. 6.r>«; m.p. 333"; h.p. 227.'i°; oxides SnOj and SnO. 

DETECTION 

Tin is separated, together M’itli arsenic, anf itnniiy, ftold and platinum, from the 
hydrogen sulphide i)r(!ci|)itate of tlio metjils of the .second group, by the action of 
yellow ammonium sulphide. (Normal ammonium sulphide does Tiot readily dis- 
solve the sulphides of tin.) If the ammonium sulphide .solution is acidulated with 
hydrochloric acid and the acid Sfdution reduced with iron, antimony, arstmie, 
platinum and gold are precipitated in the nudallic fonn. The pi’esenee of titi, 
which is pro, sent as stannous chloride, is indicat'd by the reducing action of the 
solution on mercuric chloride, a white precipitate of ilg(’l or a gray precipitate 
of llg being thrown d<mii. 

Iteduce the hydrochloric acid solution of the sample by means of a small piece 
of iron wire. Treat with an oxce.ss of cold pota.ssium hydroxide. Filt(*r if the 
solution is not clear. Add an ammonuical solution of silv(‘r nitmte. (One part 
AgXOj : 1(5 parts NIT 4 ()If.) A brown precipitate! of metallic silver indicates the 
presence of tin. Antimony, ansonic, ))latinum and gold arc procipitat,ed by the 
iron, while all of the heavy metals njinaining, except lead, tin, aluminum, chro 
mium, and zinc, are removed by the treatment with pota.ssiutti hydrate. 

Welch and Weber® recommend the following method for detection of tin: 
Add 10 cc. concentrated hydrochloric acid to the superficially dried precipitated sul- 
phides from the ammonium sulphide separation. l''ilt(!r off arsenic which does not 
decompose. Dilute filtrate to 70 cc. volume. S:iturate with H 2 S. Heat to exixjl 
excc.ss H 2 S. Add 5 cc. of hydrogen i)eroxid(! and hcvit until precipitate is redis- 
solved. Add 5 to 10 grams of oxjilic acid and pass 112^ into the hot solution. Anti- 
mony separates as a red sulphid(!. Filter. Filtiate contains the tin. Tleducc 
with test lead and add mercuric chloride. White or grayish precipitate indicates 
presence of tin. 

ESTIMATION 

The estimation of tin is recpiired in connection with the analysis of tin orcs, 
dross, ashes, dust, tin plate, alloys sindi as solder, canned foods, and geiieml 
analysis. 

Opening Up Tin Ores 

As the oxides of tin are not readily .soluble in acids the tin can be most easily 
removcid by assay. Ores, slags, dross, and ashes are first subjected to the as.say 
process. The button obtaijied is then analyzed cither volumetrically or gravi- 

‘ Ohief Chemist, American Can Company. 

®Fir.U, Assistant ('Ise mst, A 1 i‘ri«'an Can Company. 

® Jour. Am. Chem. Soc., 31, 5, 1011, 1916. 
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metrically by one of the methods Rivon below. Having the weiglit of tlie button 
and the per cent of tin in it, the per (;( 5 nt of tin in tlie sairiplc as received can be 
calculated. 

Inhere are two general processes of assaying, namely, the Cyanide Process and 
the Carbonate of Soda Process. 


The Cyanide Process 

The theory of this method is that the oxules are reduccul to the metal by the 
action of jiotassiiim C 3 'anid(!, tlnj reaction being represeiitcHl as follow's: 

Sn()a+2KC:N -Sn+2K(:NO. 


Potassium cyanide reduces oUitir mc?tals also so that the* button oblaint*(I is not 
pure. 

Procedure. Take 100 grams of the sam])le which has Ix^eii dricul ami fiiu'Iy 
powdered. (For complete analysis the i!ioistuni sliould bo d(*f(*rn iried in the* 
usual way.) Mix thorouglily with four times its wc^ight (»f pow'dcrc'd po<:!.ssiup\ 
cyanide. Place al)out 1 in. of pcitassium cyanide in ihc bottom t)f a numl)er II 
(height 5} i. s., diameter 32 in'-'.) Jiatlersea clay crucible. Pl:icc tlicm’xture 
of sample and cyanide on top of the cyanide in the crucible and cover with enough 
more cyanide to fill ti e crucible t ) wiihin I in. of the toj). 

r lace the crucible in the a^ say furnace and heat sIo\vly iritil it has been 
thoroughly warmed and the cyanide begins to melt. The* i i croa-e tlie heat 
gradually to a pure white, taking care that the cyanide d (\s not boil over.^ 
(Irasp the crucible wnth the tongs and tap it gently on the hearth to assist in 
settling the metal. Continue the heating until all of the organic matter has dis- 
appeared, adding more ej'^anide from time to time if necc*ssary. X('ar tlu^ end of 
the process the nudlen mass becom(»s clear and transparent and finally i)asty and 
translucent. When this last condition appears, remove tin; criunble from the 
furnace and allow it to cool sUavIy at the temperature of the rocaii. 

When cool, break the crucible and slag away from the button. The app(*ar- 
aneo of the button and the slag immediatedy surrounding it indicates wliether 
or not the process has be(*n properly manipulatc*d. ''Fhe button its(*lf should be 
firm and compact and the slag around it should be while* or greenish in color. If 
the button is spongy or if the slag has a dirty black color, the assay should bo 
discarded and a new eleteniiiiiafion mad(\ using a fresh sample.^ 

Weight of Hutton =per cent Metal in Sample. 


Weight of Metal X per cent Sii 
1(K) 


= per cent Sn in the Sample. 


NiyTR. This j^riiccss should be carrieel on under a hood in a s<*gn*giite<l reiotii, ami 
every precaution should he; taken to avoid breathing the ]>oisonous iiur.es of i>otassiuin 
cyanide. 

1 Lunge iidvi.ses that the cyanide should not he alloweil to hoil. He uses :i small 
sample (10 grams). “ Teelmical Methods of Cheinieal Analysis"!, Part 1, p. 25 (k 
It is our experience that satisfactory results are not ohtaiiieil unless the extreme heat 
of the furnace is u.scd. 

* Sec also Mellor, A Treatise on Cyhemical Anabasis,'' p. 270, 1913. 
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The Sodium Carbonate Method 

Tlu‘ samph; is fiisc'd with ocpial i)arts of scKliiim carbcniato and sulphur.* Tho 
fusion is th(Mi dissolved iu \vai(T, The tin goes iiHo solution jis a thiostaimato of 
sodium. Iron and eoppor are Hum separat(‘d by the addition of sodium sulphite, 
leaving arsoiiie, antimony and tin in solution. ^ 

Other Methods of Opening Tin Ores 

Fusion with Sodium Hydrate. I'lie sample of ort^ is fused with b n times 
its w'C'i^ht of siidium hydrate. 'The; proc^ess is earried out in im iron erucible and 
th(‘n transf(‘iT(Ml to niekel. fus(‘d mass is dissolv('d in water and the tin 

d(‘termin(‘d in the usual W'ay.^ 

Reduction by Means of Hydrogen. The orcj may be n^dueed by strongly 
igniting in a j)oreL‘lain tnlxs in a eiirnint of hydrogcMi. The reduced iiu'tal is then 
dissolved ill hydrochloric acid and the tin estimated by a standard method. 

Fusion with Sodium Peroxide. J. DaiToeh and (\ Meiklejohn^ o]MMiecl ores, 
slags, etc., l)y fusing witli sodimn p(‘ro\ide in a niclvi‘1 crucible. They dissolve the 
fns<‘d mass in hot wat(‘r and ac*idify with hydrochloric acid. The sample is then 
n\‘uJy fur tlie luuiossary s(*paratioiis. 


SEPARATIONS 

Tin is separattxl from iron, aluminum, chromium, (dc., by tin; insolubility of 
ils sulphidi^ ifi dilute hydrochloric acid. Tin, togc'ther with antimony, arsenic, 
platimimand gold, iss(‘parat(Ml from lead, mereury, eoppt^r, cadmium and bismuth, 
by the solubility of its sulphide in yellow ammonium sulphide. Antimony, 
arsenic, platinum and gold are pr<‘cipitatc*d as metals from a liydroehlorie acid 
solution by tho action of metallic iron, leaving tin in solution. 

A few spt'cial separations are of inti'n'st. 

Tin and Lead. For the analysis of an alloy of lc‘ad and t in, it is usually prefer- 
able to make the estimations on dilTer(*iit sample's. In this ease, lead is estimated 
by ''rhoinpsori’s method and the tin by Maker’s modifieation of the iodine method. 
Lc'ad i'an also be separated from tin by tho method given below' for the separation 
of tin and copper. 

Tin and Copper. I’his alloy can be dissolve'd in concentrated hydrochloric 
acid by the; addition of iiotassium chlorate. A large excc'ss of ammonium tar- 
trate is adiled and the solution made alkaline with ammonia. Copper is then 
precipitated as sulphide by t he addition of hydrogen sulphide W'ater until no more 
pri'cipitate is foriiKHl, 

* Very finely dividc'<l carlnMi is sometimes proferml. Air must not be allowed 
to enter thc^ <*rucible. KIse decomposition is not complete. Mi'llor, A Treiitise on 
Chemical Analysis," lObi, ]i 270. If carbon is used instead of sulphur the process 
becomes one of reduetion to the metal and is carried out in the assay fiiriiac^e. The 
details of operation are similar to the cyanicle process. Tho metal separates as a button 
in the bottom of the (Tiu'ihle. 'fhe button contains €)ther metals with the tin and must 
be analyzed further for exact percentages. 

2 Mellon fibjeets to the nu'thfxl as being tedious and dirty. 

• bow, “ Technical MethocLs of Ore Analysis," 3d Fd., pp. 208-213, 1008. 

^ Kngiiiecriiig and Mining Journal, 81, 1177, 1906. 
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Tin and Antimony. Antimony is scipiimtod, in tho Ttu'tallic fonn, from tlie 
hydrochloric Jictitl solution of the alhiy, l>y tlio articm of mctiillic iron i)l:iccd in the 
solution. Th<3 tin may ho dotonuinod hy the? iodino method without the removal 
of the? antimony. If the antimony is desired, it may he; filtered ofT and deter- 
rnineel in the usual way. 

As ill the ease of lead, it is usually quicker and more accurate to make these 
determinations on sc'parate samp!<*s. The tin <*an h(‘ det(T!uine<l liy the? iodint* 
method. Tin? antimony can he dcderinincsl voliiinelrieally hy various methods, 
preferably the lirornate. (See chapter on Antimony.) 

Tin and Phosphorus. One-lialf gram of the alloy is dissolvtsl in lo cc. of 
cotie(Mitratc;d hydro<?hlori(? a<ud containing potassium cldorate. This is dilutes! 
to 200 ce. with wal(!r and warmed. It is then treated for a long time with 
hydrogen sulphide gas. tin is all jireeifiitatc^d as sulphidti while the phos- 

phorus H'lnaius in sr>lu1iou. 

Tin and Iron and Aluminum. Tin is separated from iron and aluminum hy 
precupitation, as sulphid(% from the liydroehlorie acid solution. 

Iron may also he sc'parated from tin with cojifx r, and l(‘ad l>y j)recij)italion 
as sulphide from the alkaline ammonium tartrate solut ion. 

Tin and Tungstic Acid. Donat li and Mulliuu* ' separate tin oxide? from tung- 
stie acid hy mixing the? saTuph? with zinc eliist and strongly igniting in a eov(‘n*d 
crucible? for fiftcHUi ii'iiiiitos hf)iling with dilute? hydrochhirie? aciel; eixidi/ang w ith 
pfdassium chlorate to ehaiige? (h<? blue* tungstic oxide* to tiingstie* acid and elihiting 
with water. It is tlic'ii alloweil le? stand eiveu’night and lilte?re‘d. 'riie tin is in 
solutie>n. 


ORAVIMHTRIC METHODS FOR THE DETERMINATION 

OF TIN 

Detcriiiination of Tin or the Oxides of Tin by Hydrolysis 

I'his nu'theKl eh'peiiels upon the* pre*e*ipitat ion of iiM*t a-^taiinic ae*id in the? 
])r(*senc(* e>f amnuinium nitrate* W'h<*n tlie* stannic e’hloride* is dilut(*d to e‘onsid(*rahlt* 
vohiiue anel h(*ate'd te) boiling. It is e*spccially a|)plicahlc* to the? d(*t(?rr»iinat ion 
of till eixieh* in tin paste*, hut may he I'xtesuleMl to all e*hloride soliilious of the 
higher e)xiele*s. The* re*:i<*t ieiii involve'd preice'e'els as fe»lle»W's: 

Sii( Mi4-IM1,N()h+:I1DO 

-II.Sn().,+ lNll,( M+mN0...2 

Stannous tin may he* el('terniine*el hy e)\ielizing the* e-hloriele* se)lutiou to the* 
stannic form, 'flu? nie*thod gi\e*s I'one'eirelaiit ivsults anel is rapiel. 

Procedure. Imu* the ann.ly.'^is of tin paste? tiike a catcli \\(*ight. of about JO 
grams fe)r a sample*. Disseilve? this sample l>y he*ating it in a Nei. i\ he*ak(‘r with 
300 cc. e)f ce>iice*ntrate*el hyelreu'hlorie* aciel. 'rr!insfe*r tlu* ae*id solution te> a oOO-e'c. 
vej|ume*tri(* Ikisk anel make* up to the* mark witli dilute (1:1) hydreichleuie* ae id. 

' J. (^hi*in. Soe*. Ahsts,, r»l, 531, ISSS. 

2 I'^rrscaiius, (jiiaiititative? < 3icsiiiral Analysis,” I, 400, 1003. Sodium sulj)hat<! 
limy ho usoei iiisl.eael eif amiuemiiim nitrate, lii tJiat <*as(* the? re*ae*tion is 

SiiC^id 4Na2S( 1^0 = IlaSnOj-t- INaC^lH — 1 NaliSt ) 4 . 
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Take 50 cc. (approximately 1 gnwu) for a working sample. (If the deter- 
mination is to bo made oii tin paste, the sample may be obtained dirtM'tly iiy one 
of the methods deseribed under Opening Tin Ores.) Dilute to 100 cc. with cold 
water. Nearly neutralize with strong ammonia and finish by adding drop by 
drop from a burette, dilute ammonia until a slight |wrmanont precipitate is formed. 
A largo amount of ammonia will tend to precipitate iron, if i)rcsent, as a hydrate 
and to re-dissolve the meta-stannic acid.' Add 50 cc. of a saturat<^d solution of 
ammonium nitrate. Dilute to 400 cc. with boiling watc'r, stirring constantly. 
Ibing the solution to an incipient boil, remove from tlie flame and allow the 
beaker to stand on the steam baMi until the precipitate has settled.^ The solu- 
tion abov(^ the pr(»(*jj)itatc^ should .Ai ch^ar. Decant tin; supernatant Ikpior through 
a 125 cm. S. & S. 500 filt(T pajxT and wash tlie pr(Tij)itate l)y decantation® six 
times, using 200 cc. of boiling water and allowing the precipitate (o settle thor- 
oughly at eacli washing. Transfer the ]m‘cipitate to the filter, “cop” out the 
boak(T and wasli down with hot water in the usual way. After the precipitate 
has Im'(mi allowed to drain, transfer to a porc(4ain or a silica crucible and dry 
car(‘fiilly on an asixvstos board ov<‘r a Ihinseii flame. ^ WIkmi dry, ignite at a low 
tem])eratiir<‘ iniiil tlie liltc'r paper has Ixs'ii consumed. Increase the luxit and 
finally blast to constant weight. 


AV(4gh t SnOaX 1( K)X.78 77 
AVcight of sam[)lc^ 


- jx‘r c(Mit Sn. 


Determination of Tin as Sulphide 

Th(^ d(‘1e:-mination (»f tin as a sulphide' involv(‘s many dilliculties and should 
he avoid(*d if ]x>ssibl(‘. better rc'sults can he obtuiiuxl hy the v*>lumetric methods 
and in most case's ANitheait the ne'ce'ssity e)f im'liminary se'])aralie)ns of inte'rfcring 
me'tals. If till must be se'paratexl as a sulphiele', be‘tte*r re'snlls wexilel 1x5 obtahu'd 
if the precipitate we*re? dissolvexl anel the* tin conte'iit ele'te'rinine'd by the ieidiiio 
methexl. 

Having the* hyelro<*lile»nc aciel seilutieiu e)f tin afte*r the* interfe'ring mentals have 
hee*n se'parate'el, tei pre’cipilate' tin sulpliielc, ne'utralize willi amnmnia and then 
acielify with acetier ae*iel. Pass hydroge'ii sulpliielo until the? solution is saturaie'el. 
Alleiw tlie pre'e'ipilate to se'ttle5 eiveriiighl, Peiur the supe'niatarit Ikiueir off 
tlirough a (Joex'h crucible anel wa'^h the ])re'cipitate six tinie?s by de'e-autatiou, using 
se)lution e)f ammejiiium nitrate' f(»r wash whaler. iMually transfe'r to thei crueable 
anel W'asli freiei from chloride's. I )ry the' cruedblo in an oven at 100° 1 le'at sle>w4y 

in a Iiiinse*n flame until ® all the* sulphur has been eJxpe'lleHl. (\*ire sliould be take?n 
at this point to avoiel fe»rming fumes eif staunk^ sulpliiele hy he»ating texi raiiidly. 

1 Some ])ractice is reeiuire'd to judge sH*<*urately the exae*t point wlmn the* neex'ssary 
amount of anunonia lias been added. 4’he i)r(*c!])ita(e shoulel ii])pear white. 

2 If the boiling continiU'S more than a fe»w se'eonels the pre'.cipitate will not settle 
I3ro])erly. 'fiine will he saved in this case if the sample is elise^arded and a new deter- 
mination ceimnicnced. 

® It n (‘ta-staimic acid is washed over onto the filter at this ]>oint, clogging will 
result and a gre*at deal of tiriio will bo lost. 

^ S])atte'ring is likc'ly to oe?cur lierc', causing loss. 

® Sulphide of tin se*parate's as a slimy ma.ss w hiejli tcnacieaisly retains alkaline salts, 
especially in the ahseiice of ammonium salts. Mollor, “ Treatise on Chemical Analysis,” 
p. 308, 1013. 

® Bichloride of tin, Acker process, page 425. 
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Reiaovo the lid of the crucible, which should be kept in place during the first part 
of the heating, and raise the teruiKu-ature gradually, finally finishing with the 
blast. As sulphuric acid is usually present in some (piantity, the crucible should 
be cooled and a small piece of ainmoiiiuin carbonate; should be jdaced in it. Repeat 
the ignition to drive out the acid. Cool and weigh as Sn02.^ 


BICHLORIDE OF TIN 


Bichloride of tin is of gnuit importance in some of the industries, especially 
the textile. It is n(;c<‘ssary to liave <‘xact aiialytic^al control of the processes in 
which this compound is us(‘d in order to insure uniform nisults and to certify the 
efficiency and economy of the; j)roc(;ss. Several mc'tliods have been develofXMl for 
this purpose. The on(\s given b(*low havt; had i)ractical application and luxve 
prov(!n to be satisfa(;tory. 

Stannic Acid Method. Hot-water Precipitation. In tlu; t(‘xtile industry 
where bichloride of tin is used, the efliciciiicy of llu; proc(‘ss d(*p(Mids directly on 
the neutrality of the tin liiuor. If there is more than (moiigli chlorine j)resent 
in the bichloride s(»lution to exactly oxidize all the tin to the stannic form, this 
exc(\ss is call(;d free IICI/' If th(‘re is not enough chlorine pn\s(»nt to do th’s, 
the flefici<‘!icy is spoken of as “ basic IlCl.'* The difficulty of determining the 
“ free ” or “ bash; II(.U is apparc'nt when it is known that Snf'b r(;adily decom- 
poses in water, lil)erating fnu; acid. The following i:u»thod has becai (lev<‘lop(Ml 
especially for tliis jnirposc and has given good n'sults. 

^riie important point in this analysis is to (h'termine wlu*tli('r the ]h|uor has 
free llCl present or whether it is basic ” in n;itur(\ It h;;,s bc^ai found that 
hot wattT pn'cipitat(*s tin from tin* Sn( 'b solution e.s stannic* hydroxhh' and tii the 
same time liberates the chlorine as free; 


Hu' b|-III,()--Sn(()II)ri IIU’I.^ 

The Sn(()H )4 s(»parates in a colhadal precipitate which may lx; fillenxl off and 
th(' till estimated as SnOj. The lilx'ra ted acid may bed 't(*rniiiu*d in the filtrate*, 
and from this data tin; “ free or basic ” JK'l can be calculated. 

Procedure. Kct ivcurate work about 20 grams of th ' liquor should be Mciglnal 
out in a tanal w(;ighing bottle*, but for works control, wliere ti r.c is an important 
factor, it is suffici(»ntly accurate to g(*t the spcx'ific gravity of the li(|uor by ir.(*aiis 
of a hydrometer and take a measured quantity for a sample*, ealculeting tlie weight 
from these data. 

Transf(*r the sample to a JOO-cc. volumetrie flask. Make up to volun.e with 
cold distilled water. Draw out of this solution 10 ec. (approximately 2 gran s) 
and place in a loO-ec*. tall beaker. Fill the beaker nearly full with boiling liot 
water, stirring continuously while the water is being poun»d in.'* Place the b(*aker 
on top f)f the steam bath and allow the jireeipitate to setth*. Decant the lupior 

'This method is gc'nerally list'd tinly when minute traces tjf tin are jwest'iit, and 
then it is considered hc*st to ilissolve the sulphide in hytirochlorit; acitl anti make the 
final dt'teriii illation hy the iodine irethtid. (See analysis of Caiun*tl Footls for ** Salts 
of Tin," page 430.) 

* llolleman and <\»oper, " Text liotik of Inorganic (3icmistry," 1th Ed., 1012. 

* If the solution is not stirred at this ]>oint, the ]>recipitatc will not settle and 
trouble will be experienced during the filtering process. 
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through an 11 cm. 590 S. & S. filter ^ ami wash the precipitate six times by dccanta- 
titm, using hot water. Now transfer the i)recipitato to the filter and continue 
the washing until 1 drop of the filtrate gives no test for chlorine. After most of 
the water has drained out of the filter, place t he paper and precipitate in a tared 
silica crucible. If there is plenty of time, dry the contents of the crucible on an 
aslnjstos Iward over a low llunsen flame. In case the an.alysis must be made in 
a hurry, cover the crucible * and heat it verj*^ carefully over a low flame until all 
the water has been driven out and the paiK'r has been charred. Then remove 
the cover and increjuse the heat to the full liunsen flame and finally blast to con- 
stant weight. Weigh a.s kSnOj. Titrate the filtrate with N/1 NaOH, using methyl 
tirange as the indicator. 

Calculation: 

Sn( >2 X .7<s77 = Sn 


SnXLMlMS-SnCb 
Snf’b— Sn= Cl cipiiv. to Sn 
Cnxi.()2S2=JlCl e<iuiv. (o Sn 


cc 


_ IK’I 

Weight of sample 

. \/l N^d)lIX.0.1()4() 
Weight of sample 


— jK‘r cent IK'l e(|uiv. t«) Sn 
=j)cr cent IICI (actual). 


The differenc(‘ betwc'cn tln*so last two figure's (Mpials “ free ” or " basic ” IICI. 

The Acker Process Method.* 'I'lu' thc(»ry of (his nu'thod is pmctically the 
same as (hjit of tlu! h«»t-wa(er nu'thod, cxc<*|)t that in this case the liberated acid 
is neutralized willi ammonia before the stannic hyiiroxide has been filtered olT, 
the advantage being that any solution of th(! stannic hydroxide, by either acid 
or alkali, is jjrevenb'd. The method is not apjdicablo for the detenuination 
of “ free ” or “ basic ” HCl. 

Procedure. Weigh out 2.1 cc. of th<; bichloride of tin solution. Transfer 
to a .l()()-cc. flask (voluimitric) and make up to volume with cold water. With a 
standardized jHjiette, transfer 2.1 cc. of this solution to a No. 4 Ijcaker. Dilute 
with h«)t water to j)rccii)itato most of the tin as stannic hydrate. Add 10 drops 
of phenolacetolin* ( 1 gram of i)h('nolacet<»lin di.ssolved in 2(X) <•(*. of water). Titrate 
very carefully with dilute anummia until the appearance of a roso-ix'd color. Hoil 
a few minutes on the hot jdab;. Allow the tin precipitate to settle. Decant 
through an 1 1-cm. filter jKipcr (S. S. .ISO, black ribbon brand). Wash rapidly 
with hot water without allowing the pre<-ipit,atc to cak(} <lo^vn in the filter until 
the washings are free from chlorine. Dry the preci])itate in an oven at 1(X)® C. 
When <lry, invert the filter into a taixsl ]M>rcelain crucible and heat on a gauze 
until th<! paiKjr has disappeared. Jlemove the gauze and heat with the full 

* Time iimy be sjived by using a platinum cone with the filter and applying a gentle 
vacuum. 1'hia can be done with v«*ry litthf diinger of breaking the paiier. 

* This precaution must be taken, else? there will be a loss by decrejiitation. 

* Kindness of W. F. Dorflinger, chief chemist of I’erry-Austin Manufacturing 
Company. 

* 1 .uteol may be uso.d as indicator, giving a yellow color at the end-point. It is 
slightly more delicate but much more expensive. 
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Buriscn flame for a few minutes. Finally Iflast to constant weight.* Weigh as 
SnO,. 

Take the filtrate and washings and dilute them to a volmno of 1000 cc. Wanu 
500 cc. of this solution and saturate it with hydrogen sulphide. If any tin sepa- 
rates, filter and ignite in a tarisl porc(‘lain rnn‘il)le. Moisten ’with a little nitric 
acid and h(*iit very slowly to drive out Ihe aciil. Ignite to constant weight. 
Weigh as SnO*. Add this result to the SiiO* obtained above when calculating the 
final result. 

Determination of Tin in Bichloride of Tin as Sulphide 

This method is given ivs an alternative for tlu' Acker I’roccss Method and may 
Iw used us a check on that proc(*ss. Uniform and concordant n\sults have been 
obtained by the use of the two methods.* 

Procedure. Wi*igh out 25 cc. of bichloride) and ililute to 5(K)-cc, volume 
with cold distilled water. Take 2.')-cc. portions of this solution for analysis. 
Dilute the sample to 250 (;c. Saturate with hydrogen sulphide. Warm the 
mi-\ture on a hot jilate at a temiK!raturc of about 05° t’. until the jirecipitate is 
coagulated. Test the clear supernatant li(|uor for unprecipiiati*d tin by adding 
a little hydrogen sulphide water. Filter on an ashh‘ss filter ami wash free fitjin 
chlorides. Make the filtrate and washings up to 10(M) cc. volume for further 
determinations. Dry the tin sulphide jirecipitate on the filter in an oven at 
100° C. llcmove the pr<*cipitate from the paiwr as compleb'ly as possible. Ignite 
the pajwr in a weighed porcelain crucible. (Vs)! and add a few <lrops of nitric 
acid, ftepeat the ignition, heating v<*ry carefully at first until the acid has nearly 
all l)een driven (mt. Now place the main tin preci|)itate in the crucible, (’over, 
heat gt'ntly for a few minutes, moisten with fuming nitric acid, ignite very care- 
fullj' for one-half hour and then blast for fifteen minutes. Weigh as Sn02.® 


VOLUMETRIC DETERMINATION OF TIN 

V»*lumetric methods for the d(*terminalion of tin are basis! upon the redu<*ing 
I)»)wer of stannous compounds. They vary ac*‘ording to the oxidi/.ing agent 
us(><l and the di'tails of manipulation. 

Lenssen’s Iodine Method as Modified by Baker.* This method is a modi- 
fication of benssen’s Iodine Metliod for t he, detenuiuatiou of tin in alkaline solu- 
tions. It is especially applicable to the determination of “salts of tin ” in canned 
foods and to the c.stimation of tin coating on tin plate, but is accurate, rapid 
aiul very satisfactory for alloys and general analysis. 

'riie method is bast'd on tlie action of iodine in tlie pre.sence of sttinnous chl.u’itle 
in hydrochloric sicid sohititm. The rt'actiiui involved is: 

Sn( ’b+ L -1-21 K '1 -Sn( ’ 14 + 2111 . 

* If there has been any reduction, a few drop.s of nitric acid nniy be tiddt'd ami the 
ignition repented, ht'ating shtwiy at first to prevent loss by decrepitaf i«»n. 

* \V. F. Dorflingi'r, l’err>’-.Vust in Manufjieturing (k)m]>any. 

* I’urt) ainint>nium carbonate may be added at the eml io drive off the sulphuric 
acid more mpidly. 

*'rhe detiiils of this mcthtMl as given were thsvelonetl by Mr. II. A. llaker tit this 
laboratory aud have been modified in accordance with the findings ot several years of 
experience. 
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Iron, lead and antimony do not intorfc're with the reaction. Cf)ppor in small 
quantities does not int(‘rfere with l.lie ileterminalion, hut if it is present in large 
quantities as a salt, it is likely to produce low results. Determinations made by 
the writer ' show that results are accurate when l(‘ss than 10^/ of copper, as copper 
chloride, is present. Larger .‘imounts gave consistently low n'sults. The reason 
for this fact centc'rs around the difrK'uity of nMiucing all I he* copper to the (aiprous 
form. If any Cut^lj is left in tin* s(»lution, it reacts with tin? potassium iodide 
of the iodine solution; causing the precipitation of (‘ul and tlie liberation of free 
iodine. 

f JKI -(^il + 

Copper present as tlie met: is not easily solul)l<' or goes into solution in tlie 
reduced form and is not likt'ly to disturb tlie d(‘l(M*mination.- 

Solutions Standard Tin Solution. Dissolves o.Tt) grams of Kahlbaum's 
( P. tin in ( \ P. hydrochloric acul. 'Fin' solution of tlu^ tin is (*ffiM'l(ul by platung 
alM)ut lot) cc. IlCl in an Mrlenm(\vcr fl:isk, togi^thfu* with the tin, and boiling. 
After th{‘ tin has all Immmi diss(ilv(‘d, transhu* to a voluiiKdrh* liter flask ami make 
up to th(^ mark with dilute; hydrc»chloric* acid. 

I cc. " .0()o70 gram Sn. 

Standard Iodine Solution. Dissfihe 12.7 grams of (\ P. ioflini; in a water 
solution of 20 grams of ptdasf'ium iodide. Maki; up to one litiT and standardize 
agiiinst the stamlard tin solution. For tin phiti* an.alysis, it is conMMiicait to 
adjust th<‘ iodiiK* solution so that I c*c. (ajuals exactly .00o7it gram of ti i. Then, 
if a sa:nph‘ of tin* plat(‘ ha\'ing a total surface of S s<|.ins. is takcai, I cc. of tin* 
iodin<» solid i<in istlic' (‘(|ui\*al(ait of on(‘-t(Mith of a pound pia* b;»s(‘ bo.\. 

Indicator. Dissolve' o grams of pure solu))h' s1ar<*h in 1 litea* of wate'r. 

Air-free Water. Dissolve 12 gran s of bicarbonate of soda in I lili‘r of \\a.t(‘r. 
Add 20 cc. IK 1 and aJIow I he n'sult ing gas to cM'.aiK*. K('('p in a stoppert'd bottle. ‘ 

Procedure, h'or pnictical purposc^s. Lake' a sample*, sue'h that the* tin cemtent 
will be be'twe*e*n .2 gram anel .7) gram. A large*r sample* should be* l.ake*ii for 
(*\lr(*mei accurae'v in orde*r to ele*cr(*a^e* the* pos>il>le* tee*hnie*al e»rre)r. Plae'c* the* 
sample* in fl:isk A of the* Se-llars a|)pai’atus. Fig. bS, tog(*the*r with lOO e*c. of 
cone. i \ P. H(1. Stop|)er the* flask anel coiine*ct tube's li anel D, as shoun in 
the* illust nitiein. Hoil until the* iretal is all elissolve*el. This jxunt. is inelicateal 
by the* ci*s^:ition eif the* hy<lr<»ge*n e*volution and the :ippe*:irane*e of large*. we*ll- 
de;\ (*lope*el bubbles. If :i sulfie»ie*nt aineiunt e>f me*tallic iron is pre*se*iil. in the 
sample*, e*e>mph'te re*due‘tie)n is assurc'd. ^f no iron was })ri*se*nt in the* siimple*, 
or if the*re* was ne)t e*ne»ugh to re*elue‘e; all eif the* tin. make* sure* that the* tin is all 
conve»rt(*eI to the* stanimiis form by adeling aluminum foil (about I gram). Ke*plae*e 
the ste)p|)(*r anel e‘e)nni'e*t as originally. He>il until normal bubble*s rc*appe*ar. 
<)pe*n e*oe*k C to :dlow ( '( )._.^ gas te) e*iite*r. Place* the* flask in e*oe)ling bath F with- 
eiut dise*e)nne.*e*ting the* apj)aratus. After the; se»lutie)n h:is be.*ce)mei tlmremghly 

' Mr. H. S. (Tirk. 

“ Sul|)h:ile*s must not be; prt*scnt. They tend te> have; an e>xielizing efTe*e*t anel spoil 
the re*sults. 

■* Thc*n* slioulel always be* an e*\(*ess of bii;arbonate e>f se»ela ]»rese*nt in oreler that 
c;arbon dieixide* will be generat(*el during (lie* w:ishing ])re)e*(*ss, thus jiruventing air 
freim e*ntering the* flask at any lime eliiring the an:dysis. 

^('arbon elioxiele gene*r:ite*el in a Ki]>p apparatus is likely to cemtain «xyge*n. It 
is much better to use liejuid (X)^ such as eaii be ])un*hase;d in the open market. 
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<‘<)ol, <li.s(*oTin(M;t tiib<*s siiid />‘ from lln* sj)lfts1i bulbs. Wash th(*- bulbs with 
“ air frei! ” water, allowing tlu; wa.*<liings to drain inlo the bulk ol tho sample. 
H(;niove th(! stopper and wa.sh down tli(‘ .sides of the flask. About 50 ce. of W'ater 
should Im* used in the washing sf» that the final .samph; e«intains about 25% HCl. 
Add 5 cc. starch .sohiti»»a an<l titrate with the standard iodine .solution. 


ee. io< lineX.tK>.570X f(K ) 
\V<‘ight (if Sample 


= per cent Sn, 


or 


ce. iodine , t >. 

— !(/ “pounds per base box. 


The Sellars Apparatus. 'I’liis aiiparatus is a (hivice designed by hTr. W. S. 
Sj'llars of this laboratory for the purpose of facilitating tlu; solution of tin samples 
<mt of eontaet with air. Added t<» this a<lvantage, it is e(|uij)ped with a water 



h’nj. 07. — Sellars’ Apparatus. 


cooler, ft is also constniet(‘d .so that the tubes and .scrubbing bottles cfin be 
cleaned by flu.shing with water, 'riie u.se of this apparatus practically eliminates 
the usual sources of error in connection with the iodine method, suid at the same 
time greatly incre{i.ses tlie spc'cil t>f the determination. Fig. 07 shows the 
apparat.us in op(‘ration. 

.1 .‘ ;ttX)-cc. I'hlenmeyer flask. 

/i.i (’onn(>cti«tu with redin-ed jiressuni line from lupiid carbon dioxide cylinder, 
f’.* (ihuss manifold. 

/>.* Exit connection to trap. 

A'.* Water trjip to prevent e.scape of IK’l fumes .and to jircvcnt air from backing 
into tin; fla.sk. 

F.‘ (kM)Iing tank. 

t/.* T.ow-pre.s.sure water wa.sh-out manifold. 

//.‘ l*erforat(‘d feed pipe t«) water cooler. 

A'.‘ Outlet for cooler. 

A.* Electric hot plate. 
il/.» bead drain pipe. 

> See Fig. 08, page 429. 

* “ li:isebox " — 1 12 sheets of tin, 14X20 ins. 
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Ferric Chloride Method.^ This method depends upon the reduction of ferric 
chloride by stuuiious chloride in hot solution. 

SnCh+2KeCl3 =SnCl4+2KeCh. 



Fits. 68. — Sellars' Apparatus. 


iC. Mcnc, DiiiRlors Journal, 117, 230, LStW. K. Pallet and A. Allart, 15ul. Soc. 
Chim. (2) 27j 43, 43S, 1877. H. J. H. Hawlins, Choin. News, 107, 53, 1913. H. 
Neisiaann, Zeit. Anal. Chciii., 16, 50, 1877. 
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Antimony, copper, arsenic, bismuth, mercuric chloride, tungsten .and titanium 
must be :ibs<;ut.* 

The Standard Solution of Ferric Chloride is made by dissolving pure iron 
wire in hydrochloric acid. To staiulardi/iC tliis solution, dissolve 1 gnaiu of ]mrc 
tin in 2(M) cc. of CJ. P. IfCd, jircventing air fnmi coining in contact with the solu- 
tion by means of a trap, or by passing carlion dioxide over it.- Titrate this 
standard sample with the ferric chlorichi .solution. The end-point is indicated 
by the yellow color, due to a slight excess of the. iron .solution. 

Procedure. 'Fin is linst separated from the interfering metals in the usual 
way. If lead, copper, arsenic, antimony or bismuth arc jiresent., the sample is first 
nMluec<l, in the hydrochloric .solution, with iron wire. The solution is then 
filtered. licatl and tin remain in the filtrate. Xeutralize by adding strips iif 
zinc until the action ceases. 'Fin and lead are precipitated. 'Fhe clear lit, aid 
should show no trace <»f tin with hyclrogeu sulphide. Allow the precipitate to 
settle and wa.sh by d(‘cantation, keeping the precipitated metals in the flask. 
Adtl IfiO cc. of concentrated hydrochloric acid, ki'cping the contents of the fla.sk 
jirotected from the air, and bring to a ImsI. When everything is dis.solved, tiirate 
to a yellow color with the ferric chloridi* solution,* This part of the analysis 
should be done very ipiickly to prevent oxidation by the oxygen of the air. 


ELECTROLYTIC DETERMINATION OF TIN 

Henz and Classen’s Method. Results with this mi'thod at this laboratory 
hav(5 not b<‘en satisfactory. 

Procedure. The tin is obtaimsl as sidphide, dissolved in sodium sulphide 
solution and acidified with dilute acetic aidd. It is th(*n heateil to boiling, and 
a boiling solution of eipial parts of ammonium oxalate and oxali.* acid added. 
The amount of this solution aildi'd should be such that the final mixture will 
contain thirty-live pai’ts of oxalate and oxalic acid to one ])art tin. I'se a current 
of .2 to .3 amp. having a voltage of two to three volts, .\fter six hours add moi'e 
oxalic acid and continue the ehictrolysis for another twentj'-four hours. 


ESTIMATION OF TIN IN CANNED FOOD PRODUCTS < 

The tin in the caniu'd food products is obtained as a sulphide precipitate from 
wet comlni.stion, with nitric and sulphuric aeitls, of 100 grams foo<l jjroduct. 

The clear sulphuric ackl residue is diluted, mnitralized with ammonia and 
then rendered alx>ut 2% a<*id with hydrochloric acid, after •which it is thoroughly 
saturated with hydrogen sulphide gas. This precipitate is then filtered on a 
Gooch crucible with a false bottom. The precipitate may contain foreign sub- 
stances, such as lime, phosphorus, and silica, some lead, or even small amounts of 

* Lunge, “ Technical Methods of Chemical Analysis,” 2, Part I, ]>. 267. 

*Thc Sellars a])paratus can be used with advantage for this piiniose. 

* The end-iH>int can be easily identified by looking at a blue Runsen flame through 
the solution. When a small quantity of ferric chloride is present, the flame appears 
green. Mellor, “ A Treatise on Chemical Analysis,” p. 310, 1913. 

* H. A. Baker, Eighth Inteniational Congress of Applied Chemistry. 
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iron, but none of these will cause any trouble subsequently in the titrati<»n, so that 
the labor of separalins the tin comi)l(‘toly from the precipitate is obviateil. 

After washing (he precipitate three or four times in a (looch crucible, it is 
transferred to a small ]X)rcelain dish by simply forcing out the false bottom of the 
Oooch crucible and its asl)estos pad and rinsing off the crucible. 

'I’lie pnicipitate, mixed with asbestos, is now transferred to a IttKl-cc. Krlen- 
meycr flask and l)oiled witli strong hj'drochloric acid, potassium chlorate bcang 
added from time to lime to insure the complete breaking up and solution of the 
tin sulphuh;, tis well as the elimination of the sulphur. This is accomplished in 
a very few minutes. A few strips of jaire aluminum foil, free from tin. are then 
added to the flask until all of the chlorine is eliminat(‘<l. The flask is tlum attached 
to the Sellars apparatus and the determination completed, according to the 
details givem umhir the Iodine Method. 

Gravimetric Method.' The sample is first digested to a colorlc'ss or pale 
yellow solution as described under Itaker’s imflliod. 

Add 200 cc. wa((“r to the digested solution and i)our info a t)(H)-cc. beaker. 
Rinse out the Kjeldahl flask with three |M)rtions of boiling water so that the total 
volume of th(‘ solution is about 4(K) cc. .Allow to cool and adtl KM) cc. concentrated 
ammonia. 'Phis amount of ammonia should rend(*r the solution nearly neutral, 
)in’es-i more than TM) cc. sulphuric acid have l)een used for digestion. The solution 
should b(i ((>sted to s(‘e th.at it is .still .somewhat acid. In ca.se of a large exce.ss acid, 
.add ammonia until just, alkaline attd then make about 2 % acid with hydrochloric 
or sulphuric aci<l. l*a.ss in a s'ow stnaim of hydrogcai sulphide for an hour, having 
the covered beakers on an electric hot plate at about 95° temj)erature. ./Ulow to 
digest on the hot plate; for an hour or two. 

Filter the tin .suli)hidc on an ll-cm. filter. Wash with three portions of 
wash solution alternated with three portions of hot water. The wash solution 
is made up of 100 cc. saturated ammonium acetate, 50 cc. glacial acetic acid, and 
850 cc. water. The filter paiwrs u.sed in this method arc C. S. & S. No. 590, white 
ribbon. 

Place the filter and jirecipitate in a 50-cc. beaker and digest with three succes- 
sive portions of ammonium polysulphide, bringing to a boil each time and filtering 
through a 9-cm. filter. Wa.sh with hot water. Acidify with acetic acid, digest 
on the hot plate for an hour and filter through a double ll-cm. filter. Wash with 
two portions of wash solution alternated with hot water and dry thoroughly in a 
weighed f)orcelain crucible. Thorough drying is e.s.sential to the success of the 
determination. Ignite very gently at first and later at full heat of Bunsen flame. 
Finally heat strongly with largo burner, or Mdker burner, having the crucible 
partly covered. Stannic sulphide must be gently roasted to the oxide, but the 
oxide may be heated strongly without loas, due to volatilization. 

Weigh the stannic acid and convert to metallic tin by the factor .7877. 

1 £. L. P. Treuthardt, Association of Official Agricultural Chemists, August 15, 1015. 
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Tl,''at,wt, 48.1; itp.gr. 4.5 


nt.p. 1795'’ C. (±15'’j»; oxides TIO, TiaOj, 
TIO„ TIOa. 


DETECTION 


The powdered ore is fused with jK»tiissiuiu l)isuIi)liato, KIISO4, tiuiil ('(Tor- 
vcsc<;nce censes. Th<; cooled mnss is dissolved in dilute sulphuric! neid by 
boiling. Hydrogen peroxide, HjOj, udded to this titnniuui solulion, jiroduees 
n yellow to onuige color, according to tlu! amount of titanium pn*sent. llydro- 
fluoric acid, or fluorides, destroys the color. Vaiuidium also produces this color 
with hydrogen peroxide, but tlu! color is not dc'stroyijd by IIF. The yellow 
color, according to Weller * i.s due to TiO* foniu'd. 

Morphine produces a crimson color with solutions of titanium in sul])huric 
acid. 


Zinc iidded to hydrochloru! acid solut ions of titiuiium produce's a blui! color,® 
tin a fiiu! violet solution.® 

If sulphur dUtxide, is pji.s.s('d into the solution of titanium to reduce the 
iron, and tlu! slightly acid .solution then boiU'd, yellowish white nu'tatitanic 
acid, TiO(()ir)., is pr(!ei|)itated. 

Bead Test on Charcoal. A stuall portion of tlu; powdcu’c'd mineral lu'atc'd 
on charcoal with microscosmic! salt and tin produces a violet-colored bead if 
titanium is present. 


ESTIMATION 


The oh'inent is widely distributed in miuerals, .soils, clays and titanifemus 
iron, FeTiOa. It is found in granite;, giw'iss, mica, slate, .syiaiitic rocks, granu- 
lar limestone, dolomite, (luartz, feldspars and a large number (jf other minerals. 
The principjil commercial minerals are: 


Ilmcnito, Fel'iOa, containing about !i2.7% TiOj, 
llutile, TiO., containing hO to IO(K 
Titanite, ('aTiSiOt, containing 34 to 42',’^ TiOj. 

Perov.skite, CaTitb, containing about t’O'V TiO. and /> to 0^^, Yt Ai. 
Titaniferous ores of variable titanic oxide contiait. 


By far the most important application of titanium at the present tinu; is the 
u.se of ferrotitanium in the iron .and stec'l indu.stry. 'rin* fimetbn of the titanium 

K’hicf (’hcniist Titanium .Vlloy Manufacturing Co. 

® Hunter, Kighth Int. (’ongres.s .\ppli('d (4iem., 2, 

• Hurgt'ss and \N'altenburg, U. S. Bureau of .Standards. 

® J. .S. (I ]., 1.S.S2, .508. 

® Deville, (1 N., 4, 241. 

® (’alien and Wool ton, “ 'Fhc Minersilogy of the Rarer Metals.” 

4.32 
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is to dooxitlizc tho steel and eonsequcntly to yield a iiroduet free from blow- 
holes and segregation of impurities. In a stoc*! thus purifictl the natural strength 
•'tnd resistant properties of the mat (‘rial arc deviiloped in tho highest degree. 

Next in importance is the a])pli(‘ation of titanium compounds to the tc.\tilc 
industry. l''or use as a mordant in dyeing, the alkali titanium salts of organic 
acids, esijecially ])otassiiim titanium oxalate, have found extensive application. 
The use of titanous chloride and titanoiis sulphate for hh'aching or discharging 
colors is incnnising. Such bh'aching agents are particularly ap])licahle for silk 
and wo(j1, which are injured l)y the action of those; hh'aching ag<*nts in which 
chlorine is the active eh'iuent. Titanium compounds have also attaiiu'd con- 
siderable imiMirtaiice in the dyeing of leather. 

Titanium compounds are also us(‘d for (‘lectric light fdaments, are carbons, 
ceramics, line brown glazes, paint for iron and .steel, etc. 


Preparation and Solution of the Sample 

A knowledge of the; solubilitj' of the eh'ment and its oxidi's is of value in the 
solution of the samph;. 

Element. This is fec'hly soluble in cold dilute hydrochloric, or sulphuric 
.acids; more readily so when the acids an* la'attHl. It is solubh* in cold, con- 
c(‘ntrat(;d hj'drochloric acid; n'adily solubh* in hot, conc,(Mitr!it(*d hydrochloric, 
or sul|)hurie acids. It is scarci*ly acted upon by nitric acid, but midily dissolves 
in hydrolluoric acid. Jt is soluble by fusion with the alkalh's. 

Oxides. Ti-jOa is soluble in concent rat <*d hydrochloric or sulphuric acids; 
forming, in flu; latt(*r case, a viol(*t-eolored solution.* The oxide is iitsoluble in 
water and in ammonium hydroxide*. 

TiOa is diflicultly solubh* in coneentr.ated* sulphurio acid, lcs.s soluble if 
strongly ignitc'd. 'I'he ni(*tatitanic Jicid, n'i()(()Tl)o. r('(|uires strong hydrochloric 
or sulphuric acid to effect solution, the oiihotitanic acid, Ti(()I!) 4 , however, is 
readily .soluble in h(*t or cold, dilute* and conc(*nt rated acids. From titanic; solutions 
orthotitanie acid is i)r(*cij)itat(*d by aimnonia, the ])r(*cipitati(m being assisted by 
warming. Boiling a slightly acid .solution ])r('cij)itat(*s the ni(;tatitanic* acid, 
Ti()(()n)j. 'Fit ).. is soluble u|M)n fusing with .■dkali(*s. Tit >j is soluble in hydro- 
fluoric acid, forming TiF 4 , which is volatile, unh*s.s an (*xcess of sul))hurie acid is 
present (distinction from sijica). n'h<; ignited oxide is b(;st di.s.solv(;d by fusion 
W'ith KnSt.)^ and heating the fused mass with dilute sulphuric acid solution. Titan- 
ous oxides have a black or blue color. 

Salts. Many titanic; salts arc; dc*comi>oscd in the prcisence of water, pre- 
cii)it.‘iting titanic acid, the ex1c*nt of the (l(;(*omj)osition depemding on the quantity 
of water used. Titanic .sulphate is readily soluble in wat.c;r and tho solution 
is remarkably stable unless Iarg(*ly diluted with water. Rome of the double 
salts arc readily soluble and their solutions stable, i.c., potassium titanium 
oxalate. 

General Considerations 

Solution of Steel. The sample may bo dissolved in hydroc’hloric acid 
(1:2). If a residue remains it is treated with a mixture of equal parts of 
hj'drofluoric and sulphuric; a(*ids and a few drops of nitric acid, in a platinum 

1 Ebelincn, A. Ch., (3), 20, .392, 1847. 
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dish, and tho mixture evai)orated to sulphuric anhydride fumes and to complete 
expulsion of hydrofluoric acid. The colorimefric procedure is no\v used Inr 
estimating; titanium. For determination of titanium in hydrochloric acid solutiofr 
sec page 443. 

Notk. n'itanium in steel treated with tem» carbon-litaniinn exists in two condi- 
tions; (1) Titanium suIuIjIc in hydn)chlori«‘ a«‘icl. (2) 'I'itaniuin insoluhle in hydro- 
chloric acid. Of the very small amount of til.niiium in treated steel the j;n*!iler jKirt 
will usually be found in the se»-on«l form. When the amount of titanium in the stt'cl 
is exccHidingly small, the .solubh; titanium freqm'Utly e\ec«>ds tho inst)luble, and it is 
then occasionally desirable to dotennine also that exist iuK in tho second lorm. 


Alloys. These arc dissolveil in concentrated nitric acid, miua regia or a 
mixture of tho dilute aidds. Should nitric acid be used, th(^ excess is ex])(’lled 
by evaporsition to dryness wilh hydrochloric acid. 'I'he metals of tho hydrogen 
sulphide group tiro removed in an acid solution by precipittition with IIjS, and 
titanium determined coloriinetrictilly in tho liltnite. 

Ores. One to .'i grams of tho on' are tretited with It) to TiO cc. of a mixture 
of sulphuric and hydrofluoric acids (I to a few' drops JlX().i tidded, and the 
solution evaporated to fumes to expel 111*’. If a ri'siiliu' r(‘niains iiiioii taking 
up with water containing a little sulphuric acid, it is filtered oil and fused with 
K 1 IS ()4 as directed under tho fusion iiM'thod. 

Fusion Method for Ores. 'I'ho linely powdered sample is fused with four 
to five times its weight of {Mitassium bisuljihate, KIISOj, and the cooled fusion 
dissolved with dilute sulphuric or hydrochloric acid, in tho jirosonce of silica 
pota.ssiuiu fluoride is added to a.ssist in tho (h'coniposition of the material. 

(Sco Analysis of Titauiferous Ores, jiago 415.) 

Titaniferous Slags. One-half gram of the finely ground sample is decomposed 
in a ])latinum dish by a mixture of 5 cc. water, 5 cc. concentrated sulphuric 
acid, 2 e<!. nitric acid, and 10 cc. of hj'drofluoric acid, the reagents being added 
in the order nameil. I’hc solution is cvaiiorated rapidly to H0» fumes to expel 
fluorides and the e.\ce.ss sulphuric acid until residue is left nearly dry. After 
cooling it is taken up with 40 cc. of dilute hydrochloric acid (I : 3), which will 
give a clear solution containing all the constituents of the slag except silica, which 
has been volatilized as SiF 4 . The solution is diluted to 200 cc. with cold water. 
Iron and titanium are iirccipitatcd by ammonia in slight excess and filtered 
at once w'ithout boiling. Tho precipitate is di.s.solvcd in cold dilute hydrochloric 
acid and reprecipitafed with ammonia. Titanium is now separated from iron 
by reducing iron with SO. and precipitating titanium from a boiling acid solu- 
tion us described on page 436. 


SEPARATIONS 

Details of the isolation of titanium arc given in the methods for its esti- 
mation. 

Separation of Titanium from the Alkaline Earths, etc. The hydroxide is 
precipitiited when a titanium solution containing aimnoniuin chloride is treated 
with ammonium sulphide, whereas barium, strontium, calcium and nmgnesium 
remain in solution. Titanium hydroxide may be precipitated by making the 
solution containing titanium slightly ammoiiiacal w'ith IlNV)!!. 

Separation from Copper, Zinc, Aluminum Iron, etc. Titanium is pre- 
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pipitatcd from a slightly acid solution * by boiling, passing sulphur dioxide through 
the solution to keep tlic iron reduced and prt*veut its (n'ceipitation. 

Separation from the Bivalent Metals, Manganese, Nickel, Cobalt, Zinc. 
'Wt anium is pn'cipitatcd along with aluminum and iron l)y hydrolysis of its 
acetate in a hot, dilute solution, whereas manganese, nickel, cobalt and zinc 
remain in solution. I)t*tails of tlu* basic acetate method arc given on page 2()0. 

Separation of Titanium from Aluminum. Small amounts of titanium 
from largo amounts of aluminum. (One part Ti to 50 parts Al.) C’upferron, 
(\n.',(N())X •()NH 4 sxdded to a decide«lly acid solution containing titanium and 
aluminum precipitates titanium, but not aluminum. The jn-ecipitate is wa.shed 
by decantation and then on th<? filter with very dilut(‘ hydrochloric acid to remove 
traces of aluminum. The | oc(*dure alTords a separation of titanium from 
chromium, nickel, cobalt, mangiinosc, etc. (’oj)[M'r and iron, honeviu’, preeij)- 
itate with th(< titanium, if present in the solution, ^'ho yellow titanium salt has 
the composition (('oIIitNoixOl/ri.® 

Separation of Titanium from Iron. See ( Ji-aviiuetric Method for Deter- 
mination of Titanium, Modified (fooch Method, below. 


QRAVIMRTRIC MBTHODS 

Gravimetric Determination of Titanium. Modified Gooch Method ^ 


This method is applicjibh; tt) minerals and mc‘tallurgi(‘al products that are 
comparatively high in titanium. The method ])rovid(*s for the separation of 
titanium from iron and from aluminum ami phosphoric acid with which it com- 
monly occurs. The j)roce<lur(! as i)roposed by F. A. (looch and modified for 
non-aluiuinous rocks by Win. M. 'i'hornton has been found by the author* to 
give reliable results. The details of the method with a few slight changes found 
to be advantageous are givim bi'low. Iron is se])arated from titanium by ])recip- 
itation as a sulphide in presence of tartaric acid, the organic acid is di'stroyed 
by oxidation and titanium iirecijiitati'd from a boiling acetic achl solution. In 
the presence of alumina and iihosphoric acid the impure precipitate is fused 
Avith NaafTb and the im|)urilies leached out with boiling water. In presema) of 
zirconium, titanic acid is incompletely precipitated. Ilillebrand’s nuKlifieation 
for the removal of zirconium is given in the notes. 

Procedure. Preparation of the Sample. Ores High in Silica. These may 
be dccomj)o.sed by taking to S().i fumes Avith a mixtun* of ft) to 15 cc. of 60% 
hydrofluoric acid, HF, and .‘J to 4 cc. of concent ratcal sid])huric acid jxir gram 
of .sample. 

Oxides. Decomposi'd by fusion Avith sodium or |)otassium bisulphate. The 
fusion is dissoh-ed in lO' o sulphuric acid, ke<‘])ing the Aaihimc as small as possible. 
The sample .should contain not oA'cr 0.2 gram titanium. 

Precipitation of Iron. To the solution containing titanium, tartaric acid, e(|ual 
to three times the Aveight of the oxides to be held in solution, is added. This should 


1 Acidity exactly 0.5% is best according to Is'vy, 6({, 209. 

* Analyst, U6, .520, lt)12, method of J. lielhicci and L. CJras.vi. 

* F. A. (looch, I’roc. Am. Aca»l. Arts and Sci., New tScrie.s, 12, 435. Wm. M. 
Thornton, (I. N., 107, 2781, 123, 1913. 

* W. W. Scott. 
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not exceed 1 p;rnm of the orfinnic acid, as the sulwociuent removal of larii^r amounts 
would be troublesome. IlaH is passed into the solution to reduce the iron and 
Nir 40 II add(‘d to slight alkalinity f«)lhm'ed by a further treatment with HaS to 
completely precipitate FeS. The solution siiould be faintly alkaline (litmus) 
othenvise more ammonia should be added. Aftc-r filtration and washing of the 
ferrous sulphide with very dilut(! and colorless ammonium sulphide, the titan- 
ium is entirely in the iron-free filtrate. 

Oxidation of Tartaric Acid. Since titanium cannot be preei])itated by any 
reagent in the presence of tartaric a<-id, tlie organic aci<l is oxidized by addition 
of If) to 20 cc. of coma'utrated sulphuric acid t«) the sami)le placed in a litXl-cc. 
Kjeldahl flask. The solution is evaporab^d to inei[)i(‘nt charring of the hirtaric 
acid. After cooling slightly, about 10 cc. of fuming nitric acid are added cau- 
tiously, a f«!W drops at a time, and when the vioh^it reaction has sulwided the 
flask is heated gradually (hood), a vigonms reaction taking place accompanied 
by much elTervescence and foaming with evolution of copious brown fumes. 
The organic matter gradually <lisapi)e;irs, the elTerveseenct! becomes steady and 
finally cc.-lscs and white fumes of S( ).i are given olT. 'I'Ih* solid ion is cooled and the 
pale yellow syruj) jHairi'd into 100 cc. of cold water, the flask washed out, adding 
the rinsing to the main solution. If cloudy, tlu' solution is liltered. 

Precipitation. Ammonia is addeil until the solution is nearly neutral, a 
IKihit where the solution is slightly turbid, t.lu‘ pre<-ipitate dissolving upon vigor- 
ous stirring. If a trace of iron is suspected about f cc. of 10' ^ ammonium 
bisulphato is added. Five cc. of glacial acetic acid billowi'd by 15 grams of 
ammonium acetate or its e<iuival(‘nt in .solution is added and the volume of the 
.solution made up to about ;15() cc. The solution is brought rapidly to boiling 
and maintaiiK'd in ebullition for about three* minutes. The titanium will pre- 
cipitate in white floeeuk'nt and readily filteral)le eondition. 'fhe preeijntate 
is wa.shed first nith water containing acetic acid and finally with jairo water. 
The filter and the preeiiiitate are ignilisi cautiously over a low flame and finally 
blasted over a MiSker blast for twenty minutes. I’he residue is weighed as 
Tit).,. 

In the presence of large amounts of alumina and phosphoric acid, the residue 
alMive obtained is fu.sed with sodium carbonate in a platinum dish and the fusion 
leached by lioiling with jmre water. .Miimina and ])hosphorie acid go into solu- 
tion as .soluble sodium salts and titanium oxide remaiTis insoluble in the residue. 

Ignited iitsoluble residue -- '^I’iOo. 

Notk. Titanium may bo sep;irat«sl from alumiinmi l)y fusing the re.sidue with 

C utnssiimi acid .sul]>liat(', KII.SO), mid ])reci)>itation of titanium in an acid solution 
y cupferron. Ablb is in solution. 


Determination of Titanium in Ferro Carbon Titanium. 

Gravimetric Method * 

Inb> a 0-in. ])orcelain (*vaporaling ilish, wi'igh ().(> gram (factor xveight) of 
alloy. 

l)is.solve in a mixture of l.’i ce. of diluii* sulphuric acid (one acid to one water), 
5 cc. of nitric acid, and 10 cc. of hydroi-liloric acid. Fvaiiorate to fumes of sul- 
phuric anhydride. 

* IMethuds of analysis usihI in (he laborat«)rios of the 'ritaniimi .Mloy Manufacturing 
Comi>any. 
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Cool and take uj) by boiling; %vith 50 to 00 ce. t)f water and 5 to 10 ce. hydro- 
chloric acid. Filtt‘r into a 5(K)-cc. iioakor and wash the* residue with hot water 
' And dilute hydrochloric acid. 

In the filtrate precipitate iron and titanium by ammonia in slight e.\cess. 
Filter without boiling and wash procijiitate twice on fdt(>r with hot water. 

Reject filtrate. Dissolve the pn*cipitate in a very little dilute hydrochloric 
acid, washing the filter with hot water and colh'cting the* solution and washings 
in the original beaker. 

Nearly neutralize the solution with ammonia or ammonium carbonate*: dilute 
to 300 cc.; saturate with sulphur dioxide gas, and boil until titanic acid is j)re- 
cipitated and the solution si* *lls faintly of sulphur dioxide. 

Filter and wash with hot water and dilute sulphurous acid. 

J^ry> *^><1 weigh as titanic oxuh*. 

►Since; the; facte)r weight e)f sample heis be;en use*el, e)ne* millignun e)f titanic eixide 
is equal tej 0 . 1 % nu;tallie* titanium. 


VOLUMETRIC METHODS 

The Dctcrm illation of Titanium Reduction, Addition of Ferric 
Salt and Titration of Reduced Iron with Potassium Per- 
manganate ' 

Principle. Titeinic ae*iel is re*eluce*el by nu'ans e»f zine*, an e*xce*ss of fe*rrie* sul- 
phate is aelele*el anel the ferrous salt, forme'd by re*due*tion l)y titanenis salt, is 
titrate*el with .stanelarel iie'rinanganate. 'Phe me-thod is meire siccurate; thiin 
elire*e*t titratiem eif the* titanenis salt with j)e*rn'anganate*. 

Reaction. 'I'i-tSO,)., | l'’e*,(SO,).. -2Ti(S(),).. 

or Tit'l, l Fe*(1., -Ti('l,-| Fe*('l,.* 

Preparation of the Sample 

Procedure. One te> 2 grams e»f the eire is ele*e'e)inpe)sed by hydretfluoric and 
.sul])huric aciels eir by fusiem with jwitassium ])isulphate en- a ceiinbination e)f the twe) 
acceireling tf> the* me*t,hoils ;dre*aely ele*scribe*el. Me*mbers e>f the JIjS grouj), if 
pre;sent, may be re*me)ve;el by H S. If irem is pre‘se‘nt it may bo determined by 
beiiling eiff the HmS in the filtrate e’emtaining Fe*, 'I'i, e*te., anel allenvance made in 
the titratiem feir titanium. If e)the*r interfe*ring e*le*me*nts are; j)re*.s(;nt in this 
filtrate, litanie; aciel may be precijntate'el by beiiling the; slightly aciel seilutiem 
(sulphurems ae*iel) ace*eireling to dire;ctions given in the gravime*tric method. 
The washed oxiele is disseilved in stremg II 2 .SO 4 and eliluteid as directed below. 

Reduction. The; seilutiem is washe*el iiitei a l(K)-cc. flask and diluted with 
water .so that it will cemtain lOVr eif sulphuric acid. This aciel heilds titanic ae*iel in 
solutiem anel at the same; lime; is instifne*ie*nt te; e)xielize the reduc(*d titanium 
o.xide. Suflicie;!!! zinc te) e‘ause cennph*te re'ehie'tiem is aeldeel and a rublK*r steepjwr 
cjirrying a Bunsen valve tube eind ei thistle tube with glass ste)j>-cock is inserted 

* H. 1). Newtem, A. . 1 . Sc. ( 1 ), 25, liiO. A. F. (le)e)e:h, “ Ale'thejds in Chemical 
Ansilysis.” 

* T. 11. Bull and CJ. McP. Smith, Jour. Ain. Chein. Hoc., 36, 1838, 1914. 
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in the neck of the flask. The evolved hydrogen expels the air and reduces the 
titanic oxide to the titanous form. Iron if present is also reduced. Glent^ < 
heat is applied until the excess of zinc dissolves. The solution is cooled and m 
excess of ferric sulphate added through the thistle tube, followed immediately 
by cold distilled water until the flask is filled to the neck. The contents of the 
fla.sk is poured into a No. 6 beaker containing 150 to 2(X) cc. of cold distilled 
water and the ferrous iron, fonned by the reducing action of titanous salt, is 
titrated with N/10 KMn 04 solution. 

One cc. N/10 KMnO^ *0.00481 gram Ti, or 0.00801 gram Ti02. 


Volumetric Method by Reduction of Titanium and Titration 

with a Ferric Salt 

The following volumetric method recommciidod by the Titanium .Alloy Mfg. 
Co., is essentially th.at described by P. AV. <fe E. li. Shinier, Proceedings of 
Eighth Intcniational Congre.ss of Applied Chemistry, tlu' method hereafter 
described differing principally in the form of rcductor and also in a few (hdails 
of operation. 

Reagents. Standard ferric ammonium sulphate solution. 

Dissolve 30 grams of ferric ammonium sulphate in 3(K) cc. water acidified 
with 10 cc. of sulphuric acid; add ixitassium permanganate droji by tlrop as 
long a.s the pink color disapfioars, to oxidize any ferrous to ferric iron; finallj' 
dilute the solution to 1 liter. 

Standardize this solution in tenns of iron. 'I’Ik! iron vfilue multiplied Iw 
1.4320 gives the value in titanic oxide (TiCb); and the iron value multiplied by 
().iS()04(> gives the value of the solution in terms of imdallic titanium. 

Indicator. Saturated solution of {Mttassium thiocyanate. 

Reductor. As a rcductor a .5(K)-cc. disjiensing buret/te is used. 'Fhe inter- 
nal dunensions of the biinitte are Ig- by 22 ins. 

The reductor is charged with 1200 grams of 20-mesli amalgamated zinc, 
makmg a column about 12 ins. high and having an interstice volume of about 
135 cc. This form of retluctor is connveient, ami when used as here.ifter clescrilMul 
is adapted to nraintaining hot solutions, which is essential for complete reduction 
of the titanium. 

The rcductor is connected to a liter flask for receiving the reduced titanium 
solution, through a tlirec-hole rubber stopper which carries also an inlet tube 
for carbon dioxide supply, and outlet tube for connecting with the suction pump. 

Procedure. Determination of Titanium in Ferro-Carbon Titanium. One- 
half gram of sample is dissolved in a (i-in. j)orcelain (ivajjorating dish in a mix- 
ture of 10 cc. water, 10 cc. suljduiric acid, 5 cc. of hj'drochloric acid, 5 cc. of 
nitric acid. 

The solution is cvapi^rated to fumes of sulphuric anhydride;; taken up by 
boiling with 50 cc. water and 10 cc. of hydrochloric acid; fdtered and washed with 
hot water and hydrochloric acid. 

The filtrate and washings should be about 100 cc. in volume. 

The reductor is prepared ft)r use by first passing through it a little hot 
dilute sulphuric acid followed by hot W'ater, finally leaving suflficient hot water 
in the reductor to fill to the upjjcr level of the zinc. 

The hot titanic solution prepared as described above is now introduced, 
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about 100 cc. of water being drawn from the redactor into the original beaker 
to bring the solution to about the upper level of the zinc. The water thus 
removed will not contain any titanium if the operation has been conducted as 
described; but it serves as a safeguard and is also convenient to acidify this water 
with 10 cc. of sulphuric and reserve it on the hot plate to be used as an acid wash 
after the reduction of the sample solution. 

The titanium solution is allowed to remain in the redactor for ten minutes. 

While the solution is being reduced the re'jeiving flask is connected to the 
redactor and the air completely displaced by tiarbon dioxide, conveniently drawn 
from a cylinder of the liquefied gas. 

When the reduction is complete the receiving flask is connected with the 
suction pump, and while still continuing the flow of carbon dioxide the reduced 
solution is drawn out, followed by the reserved acid wash and then three or 
four l(H)-cc, wsushes with hot water. The displacement of the sample solu- 
tion and washing of the zinc is so regulated by means of the stojj-cock that the 
reductor is always filled with solution or water to the upi^er level of the zinc. 

"''.'iien the washing is complete, gradually release the suction to prevent air 
being drawn back into the receiving flnsk. 

l^isconnect the flask, add .5 cc. of potjLssiura thiocyanate solution as indicator 
and titrate immediately with staiulard ferric ammonium sulphate solution, 
adding th(i solution rapidly until a brownish color is produced which will remain 
for at least one minute. 

The method is also well a<lapted for dt'termining iitaniunx in other titanium 
products, suitable means being employed for bringing the titanium into sul- 
phuric acid solution. 

Colorimetric Determination of Titanium with Hydrogen Peroxide 

Preliminary Considerations. il.vdrog<‘n pxu'oxuhx added to acid solutions 
of tibinium produces a yc'llow to oranges color, tlie depth of the color dcixending 
upon the amount of titanium present. I'lxon this fact the method is based. 
It is of especial value in det(U'n:ining small luiioimts of titanium, as it is possible 
to detect less tluin one part of the metal per hundred thousand parts of solu- 
tion. dolor comparisons «-an best be matle on samples containing 0.05 to 5 
milligrams of the element; larger amounts produce h)o deep a color for accurate 
compjirison. 

The following inlorfi^reiKres should be made note of, e.g., molybdenum, vana- 
dium and chromium also produce a color that would lead to error. Iron if 
present to the extent of 4% or over produces a color that must be allowed for; 
e.g., 0.1 gram FejOa in 100 cc. of solution is ecpiivalent to about 0.2 gm. of TiOi 
oxidized by Il 2()2 in 1(K) cc. of solution. Fluorides destroy the color, hence must 
bo absent.^ Phosphorit; acid and alkali sulphates h.avc a slight fading action,* 
hence must be allowed for by adding ecjuivalent amounts to the standard if 
they are present in the sample. The addition of an excess of sulphuric acid partly 
counteracts the action of phosphates or alkali sulphates.* The color intensity 
is increased by increa.se of tcmiierature, hence the standard and the sample 

* W. F. TTillcbrand, J. A. C. S., 17, 718, 1895. C. N., 72, 168, 1895. 

* P. Faber, Zeit. an. Chemio, 46, 277, J907. 

■ H. E. Merwin, A. J. 8. (4), 28, 119, 1909. 
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cxaminccl should have the same temiwraturo.^ Since metatitanic aiud produces 
no color with hydrogen iwroxide, its formation must be prevented; the presence 
of 5% of free ll 2 S ()4 accomplisluvs tliis.* t 

The procedure is very satisfactory for magnetic or other iron ores. It is 
fully as accurate as the l)cst graA'uncIric mctiiofl and very much more rapid. 

Solutions Required. Standard Titanium Solution. This may bo prepared 
by precipitivtions of TiOa from K.TiF# accortling t(» the gravimetric procedun; 
and purification by solution and repr<*cipitalion, the fluorine being first 
removed by taking the compound to fumes with IhSOi and then hydrolyzing 
titanium with XH4(>11. The washed precii»itate is ignited over a M^ker flame 

for fifteen leiniites, cooled in a 
desiccator and plac('d in tightly 
stoppered bottle, since TiOs is 
slightly hydroscopic. 

0.") gram of l-it)* is fused with 
about twc'uty times its weight of 
K list >4 in a platinum dish, keef)- 
ing at fusion heat until the oxide 
hits dissolved. A high tempera- 
ture is not a<h'isable. The fusion 
is dissolved in sulphuric acid 
by gently heating. The solution 
wsushed into a 5tK)-cc. gniduated 
fljusk is made up to volume with 
5Vf) 1I-.>S()4. One cc. contains 
0.001 gram 'ri 02 , or 0.000(1 gram 
Tl 

Hydrogen Peroxide. Thirty 
per cent solution. If this is not 
available sodium peroxide dis- 
solved in dilute sulphuric acid 
will do. 

Fig. 69.— Colorimeter. Apparatus. Colorimetei— -Fig. 

69. Also see Fig. 43, page 245. 

Preparation of the Sample. The s()lution of the sample having been 
obtained by one of the procedures given under Prejjaration and Solution of the 
Sample, the element nuiy bo determined according to the procedure given 
below. If interfering substances are present, e.g., comparatively large amounts 
of iron, or if tungsten, vanadium or cliroinium are present it will be necessary 
to precipitate titanic acid by adding anunonium hydroxide to the boiling solu- 
tion as directed under the gravimetric detennination of the element. The 
wa.shed precipitate is dissolved in sulphuric acid. 

Procedure. The sulphuric acid solution of titanium should contain 5% of 
free sulphuric acid. It is poured from the beaker in which solution was effected 
into a l(X)-cc. Nessler tube, 2 cc. of hydrogen perf)xuln, 30% solution are added 
and the volume made up to 100 cc. with 5% sulphuric acid. The standard is 
prepared by pouring 40 or 50 cc. of 5% sulphuric acid into a second 100-cc. 
Nessler tube, adding 2 cc. of 30% hydrogen peroxide, HaO*, followed by sufficient 

* Hillebrand. 

* Dunnington, C. N., 64, 302; J. A C. S., 12, 210, 1891. 
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staiidiird titiinium solution to exactly match the sample and the solution made 
up to 100 cc. with rz/f, sulphuric acid. The titanium solution is added from a 
burette, noting the exact volume rerjuired. From this the percentage of titanium 
in the sample can n'adily be calculated. If iron is present in t he sample, an equiv- 
alent iuuount should be added to the standard. If a colorimeter is used, a 
standard should bo prepared which is deeper in color than the sample examined. 
The standard is pf)ured into the comparison cylinder and the two tubes compared. 
By raising or lowering the plunger (see illustration) the standard solution is 
forced in or drawn out of the conqiarison tube. When the colors match, the 
cc. in the comi)ari.son tube xvill indicate the amount of 1 ’i 02 present in the sample. 
The solution may be mixed by stirring with a platinum spiral. 

Example. One-gram sample required 20 cc. of titanium standard solution, 
1 cc. of w'hich contained 0.(M)1 gram TiO*. 'I'lien the saniple contains 


0.(K)1X20XUK» 


^2% TiO*. 


If the colorimeter has been used and 1.50 cc. of standard made by adding 
30 cc. of standard titanium solution and it is found that the column of liciuor 
in the standard comparison tube stands at S5 cc., the calculation woiild be as 
follows: 1.50 cc. contains 30X0.(X)1 gram TiOa, therefore 85 cc. are equivalent 

to — TTr . — =0.01/ gram 1 j ()2 p<5r gram or 1.79f. 
luu 

For the practical application f)f the colorimetric method in determining 
titanium in steel the following procedure is given. 

Nope. Separation of Tilanium from Iron. .1. 11. Walton, Jr.* separates titanium 
from iron by fusing the finely powdered substance with three or four times as much 
sodiimi peroxide, and extracts the fusion with water. The filtrate euntains the sodium 
pertitanate whereas the iron oxide remains on the filter ]>aper. 3'he filtrate is acidified 
with HiS 04 imtil 5% of free acid is obtained and the color of this solution compared 
with a standard obtained by fusing a known w'eight of TiOj with NasOa and extracting 
and treating with H 2 S 04 as in case of the sample. 


Colorimetric Determination of Titanium in Steel Treated with 

Ferro-carbon Titanium^ 

The titanium in steel treated with ferro-carbon titanium exists in two con- 
ditions: 

(1) I'itanium innoliMe in hydrochloric acid. 

(2) Titanium soluble in hydrochloric acid. 

Of the very small amount of titanium in trejited steel the {treater part will 
usually be found in the first form, and ordinarily the determination of titanium 
in this fonn answers every purpose of identifying and judging the quality of 
titanium-treated steel. 

When the amount of titanium in the steel is exceedingly small, the soluble 
titanium frequently exceeds the insoluble and it then is sometimes desirable to 
determine also that existing in the second form. 

* J. Am. Chem. Soc., 29, 481, 1907. 

* By L. E. Barton. Method of analysis recommended by the Titanium Alloy 
Manufacturing Company. 
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Reagents. Peroxide Solution. Dissolve 4 grams of sodium peroxide in 
125 cc. dilute sulphuric acid (1 of acid to 3 of water), and dilute to 500 cc. 

Concentrated Standard Titanium Solution. Stock Solution. One-fourth 
gram of a standard 20% carbonless ferro-titanium ^ is dissolved in 30^ cc. 
dilute sulphuric acid (1 acid to 3 water). When solution is complete it is 
oxidized by the least iK)ssible quantity of concentrated nitric acid, boiled for a 
few minutes, cooled and diluted to such a volume that 1 cc. will contain O.OOOo 
gram of titanium. 

When using a 5-gram sample 1 cc. is therefore ecjual to 0.01% titanium. 

Dilute Standard Titanium Solution. This solution is made, just before 
making the determination, by diluting one volume of the concentrated standard 
titanium solution to ten volumes. 

One cc. of this solution contains 0.00005 gram of titanium and is equal to 
0.001% of titanium when using a 5-gram sample. 

Apparatus. Pipettes and Burettes. The pipettes for 
measuring the concentrated standard solution and burette 
for delivering the dilute standard solution should be care- 
fully calibrated. 

Nessler Jars. These should be graduated with 50-cc. 
mark. It is convenient to have a set of four. 

Colorimeter, The colorimeter or comparator consists 
of a rectangular block 2i by 4 by 7 ins. high — the height 
being about | in. less than the height of Nessler jars — 
through which two chambers If ins. diameter and If ins. 
between centers are bored lengthwise — ^the chambers being 
of such diameter tis to just receive the jars. 

To one end of the block is fastened the base, which is 
i in. thick and through which two |-ia. holes are bored 
concentric with the chaml)ers, thus fonning a shoulder 
which supports the jars and also exclude light from the 
sides of the tubes. To prevent shadows and give better 
lighting the holes in the base are Ixjveled outward at an 
angle of 45®. The construction will be apparent by reference to Fig. 70. The 
interior of the chamber is painted dead black. 

(a) For Determination of Titanium Insoluble in 
Hydrochloric Acid 

Procedure. Dissolve 5 grams of steel in 100 cc. of dilute hydrochloric acid 
(one of concentrated acid to two of water) by boiling gently. Wash off the 
cover and wash down the sides of the beaker with water and filter out the slight 
insoluble residue, washing with hot water and dilute hydrochloric acid until free 
from iron. For filtration it is advmble to u.se cither a close-grained paper or 
double rapid-filtering papers such as S. & S. No. 589 white ribbon. 

Ignite the residue gently in a platinum crucible to bum off carbonaceous 
matter. Treat the residue in the crucible with a mixture of 3 cc. dilute sul- 
phuric acid (1 ; 1), 2 or 3 cc. hydrofluoric acid, and a few drops of nitric acid. 

* Ferro-titanium suitable for the preparation of standard titanium solutions is 
made and supplied by the Titanium Alloy Manufacturing Company, Niagara Falls, 
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Hocit and nvaporato to fumes of sulphuric anhydride to complete expulsion of 
hydrofliKjric acid. 

Cool, add a few cc. of water and heat until the solution is perfectly clear. 
The ignited residue may also he rapidly and eomphjtely brought into solution 
by fusion with about 3 grams of )x>tassium bisulphate and dissolving the fusion 
in water and sulphuric acid. 

In either case wash the contents of the crucible into one of a pair of Nessler 
jars and dilute with cold water nearly to the nO-cc. mark, and in the other jar 
place an ccjual volume of distilled water. 

l^lacc the jars in the colorimeter and observe if the sample solution is color- 
less. If the sample solution is colored slightly yellow by iron, the water in the 
standard tube should be brought to the same color by addition of a few dn)ps 
of a ferric solution. For this purpose a solution of ferric ammonium sulphate, 
30 grams per liter, is very convenient. 

If the work up to this point has been carefully performed, the addition of 
ferric solution will usually be unnecessary; and if more than a few drops of ferric 
solution are required the analysis should be rejected and a new sample started. 
After adjusting the color — if necessary — ^bring the volume of solution in both 
jars to the 50-cc. mark. 

The volumes now being equal and the solutions practically colorless, add 
2 cc. of the peroxide solution to each. If the sample contains titanium even in 
minute quantity it will be indicated by the immediate development of a yellow 
color. 

Match the colors by running into the standard jar freshly prcpNired dilute 
standard titanium solution, keeping the volumes equal by adding an equal 
quantity of water to the sample, placing the jars in the colorimeter for compari- 
son of colors. 

As Ijoforo stated, each cc. of the dilute standard solution is equal to 0.001% 
titanium when using a .'j-gram sample. 

The determination may bo made in less than an hour and requires little 
attention. 


(b) For Determination of Titanium Soluble in 
Hydrochloric Acid 

For the determination of soluble titanium the filtrate from the insoluble 
titanium residue obtained as before de.scribed may conveniently be used. 

Dilute the solution in which the iron is already in the ferrous state to 180 cc. 
Add 10 cc. of alum solution made by dissolving 40 grams of crystallized alum 
in a liter of water. 

The aluminum here added is subseciucntly precipitated as alumina with 
the titanium and serves to collect (juickly the exceedingly small precipitate of 
titanium hydroxide and facilitate its separation from the solution by filtration. 

Heat the solution to about 00° C. and add ammonia or ammonium carbonate 
solution, stirring cf)nstantly until a slight pennanent precipitate is produced. 
Add dilute hydrochloric acid (1 to 1) drop by drop from the wash bottle until 
the precipitate is just rcdissolved and the solution perfectly clear; then add 
1 cc. more of the dilute hydrochloric acid. 

Add 3 cc. of phenyl hydrazine dissolved in 10 cc. hot water, which will pre- 
cipitate the titanium and aluminum. Stir thoroughly and filter immediately 
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on a 7-cm. filter paper in a Bucliuer funnel, using suction. Wash thoroughly 
with hot water. 

Calcine the precipitate gently in a platinum crucible to destroy organic 
matter and dissolve the residue exactly as described under (a), except that (> cc. 
of dilute sulphuric acid is used instead of 8 cc. 

The solution, which has a very light yellow, or greenish-yellow color, is trans- 
ferred to one of a pair of Nessler jars and dilutc'd to the 50-cc. mark. About '10 
cc. of water are placed in the other jar and the color of the sample solutitm exactly 
matched by addition of ferric ammonium sulphate and coppcjr sulphate solutions, 
which are conveniently delivered from burettes. 

For matching the original color »)f the solution nearly saturated solutions 
of ferric ammonium sulphate and copper sul])hatc are suitable. 

Only a few drops of such solutions are retpiired, but it is frequently neces- 
sary to use both blue and yellow to match the greenish-yellow tone of the sample 
solution. 

The standard is finally diluted to the fiO-cc. mark. The volumes now being 
equal and identical in color, add to each 2 cc. pertjxidc solution to develop the 
titaniuni color and finish the determination as before described under (a). 

(c) For Determination of Total Titanium 

The total titanium is given by the sum of the insoluble ami soluble titanium 
determined as under («) and (/;); but if desired may bo detenuined in one 
operation. 

To <letennino total titanium, dissolve as before in hydrochloric acid and 
without filtering proceed as directed under (6) for determination of soluble 
titanium. 

Determination of Titanium when Interfering Elements 

are Present 

If chromium, vanadium or molybdenum is present in the steel, fu.se the 
residue insoluble in hydrochloric acid or the calcined phenyl hydrazine pre- 
cipitate containing the interfering element with a mixture of sodium carbonate 
and a little sodium nitrate. 

Dissolve the fusion in water and filter. The residue on the filter will contain 
the titanium, free from interfering element. .Bring the residue into sulphuric 
acid solution by methods before described and determine the titanium as usual. 

Colorimetric Determination of Titanium with Thymol ^ 

Principal and Preliminary Considerations. Titanium dioxide dissolved 
in sulphuric acid is colored red by addition of thymol, the depth of color being 
directly proportional to the amount of titanium present. The intensity of the 
color is claimed by Lenher and Crawford to be twenty-five times that produced 
by hydrogen peroxide with the same amount of titanium. 

As in case of hydrogen peroxide, fluorides destroy the color, hence must be 
absent. Dilution with water has no effect until the concentration of sulphuric 
acid falls below 79.4 (e.g., sp.gr. 1.725). The color then fades in direct propor- 

^ Victor Lenher and W. G. Crawford, C. N., 107, 152, March 28th, 1913. 
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tion to dilution. Warm .solution.s are lighter in color than cold solutions with the 
same amount ()f titanium, hence the standard and the sample compared must 
have the same tempt'rature. The color fa<lcs on heating but returns on cooling. 
The temperature should bo kept below 1(K)“ C. Chlorides, phosphates and tin 
8<>om to have iif) effect. I’lingstcn, W 0 O 3 , interferes, as it intensifies the color 
of the solution in direct propt)rtion to the amount present; Inmce it must be 
remov(;d or allowance ma<l(! by adding an eciuivalent amount to the standard 
or subtracting the equivalent blank. 

Special Reagents. Thymol Solution The thymol is di.ssolvcd in a 

little glacial acetic acid containing 10% ethyl alcohol, and this solution added 
to concentrated sulphuric acid. Addition of the thymol directly to the acid 
would produce a colored solution. The reagent should be kept protected from 
strong light, otherwise it will become colored. 

Apparatus. See Ck)lorimetric Determination of Titanium with Hydrogen 
Peroxide, Figs, (il), 70, also Fig. 43. 

Procedure. About 0.3 grmn of the material is fused with potassium acid 
sulidiate, KI1S()4, and the melt dissolved in concentrated sulphuric acid. Fnough 
thymol reagent is added .so that there is present at least 0.(M)() gram thymol for 
every O.fKlOl gram TiO™. (Concentrated sulphuric aci<l is added to bring up the 
volume to .'SO or 100 cc. in a Xessler tube exactly as in the case of tiie colorimetric 
det(!rinin<atiou of titanium with lUO;.. The depth of color is compared with .a 
standard solution of titanium dissolved in a concentrated sulphuric acid added 
to .5 cc. of thymol solution made up to .a convenient volume? with concentrated 
sulphuric acid. Tin? procedure is the same as described in the ll 2 (J )2 method. 


THE ANALYSIS OF TITANIFEROUS ORES » 

Determination of Titanium 

Decompose the ore by fusion with pota.ssium bisulphate, dissolving the 
fusion in water, hydrochloric aiul sulphuric acids. If an insoluble residue remains, 
filter it out. (\alcine the residiu?, .add a few drops of sulphuric acid and suf- 
ficient hydrofluoric acid to dissolve silica, evaporate lo fumes of sul[)huric anhy- 
dride and then heat to redness. 

If a residue now remains, bring it into solution directly in acids or fuse with a 
little potassium bisulphatc, etc., finally .odding the .solution to the main solution 
obtained sis before described. 

If desired, the sample of ore csin first be parti.ally dissolved in hydrochloric 
and sulphuric acids, and the insoluble residue then fused with pota.ssium bisul- 
phatc or treated with sulphuric and hydrofluoric acids. 

Some ores may be completely decomposed by a mixture of nitric, hydro- 
fluoric and sulphuric acids, evaporating to fumes of sulphuric anhydride in a plati- 
num dish to free the solution from nitric and hydrofluoric acids. 

The complete decomposition of the sample having been accomplished, the 
titanium in the solution is determined by either the gravimetric or volumetric 
methods for Determination of Titanium in Ferro-(i!arbon Titanium. Pages 
436 and 441. 

* Method of Analysis used in the laboratories of The Titanium Alloy Manufacturing 
Company. 
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Determination of Iron in Presence of Titanium 

The sample is decomposed as directed under the Determination of Titanium. 

The sulphuric acid solution, which should have a volume of 150 to 200 cc,, 
is saturated with hydrogen sulphide gas to reduce the iron, and filtered to 
separate any precipitated sulphides and free sulphur. The filtrate is collected 
in a flask fitted with a rubber stopper through which pass two glass tubes, one 
reaching nearly to the bottom for conducting gas into the solution, the other 
a short exit tube. Unless the solution after filtration is still highly charged with 
hydrogen sulphide, more gas should be passed into the solution to reduce any 
iron t^t may have been oxidised by the atmosphere during filtration. The 
excess hydrogen sulphide is now expelled by boiling the solution while passing e 
current of carbon dioxide. 

When the exit gases cease to darken a piece of filter paper moistened wit! 
lead acetate solution, the flask is cooled while still passing the carbon dioxide. 
When the flask has partially cooled the carbon dioxide is shut off and the flask 
quickly cooled in running water and immediately titrated with standard per- 
manganate solution. 

Determination of Silica 

This determination is conveniently combined with the deterniination of iron 
the ore being preferably decomposed by fusion with potassium bisulphate. 
The fusion is dissolved and evaporated with excess sulphuric acid to fumes of sul- 
phuric anhydride and the silica detennination finished as usual -weighing, vola- 
tilizing with hydrofluoric acid, etc. If the ore contfiins cpiartz or a silicate uiKhv 
composable by treatment with potassium bisulphatc and hydrofluori<; acid, the 
residue filtered from the sulphuric acid solution should be fused with sodium 
carbonate and the silica then deterniincd as usual. 

Determination of Alumina 

After making determination or separation of titanium by gravimetric method 
use the filtrate for determination of alumina. 

Phenylhydrazine Method for Detennination of Aluminum in Presence 

of Iron 

The iron and aluminum should be iii hydrochloric or suljihuric acid solution. 
Nearly neutralize the solution with ammonium carbonate. Pass sulphurous 
acid gas to complete reduction of the iron. Boil until the excess sulphurous acid 
is driven off and if titanic acid separates filter it out. 

After filtering out titanic acid again imarly neutralize with ammonium car- 
bonate, pass a little sulphurous acid gas and heat for a few minutes to reduce 
any iron that might have been oxidized during filtration. If titanium has not 
been detected the second treatment with sulphurous acid may be omitted. In 
either case the solution still containing a little free sulphurous acid is nearly 
neutralized with ammonium carbonate, diluted to 300 cc. and 3 cc. of phenol- 
hydrazine added. Stir thoroughly, let settle and filter out the alumina. If the 
precipitate is discolored by iron, dissolve in hydrochhiric acid, and repeat the 
reduction, neutralization and precipitation by phenylhydrazine. Ignite and 
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weigh AljOa+PiOs. Since the alumina precipitate may be contaminated by 
phosphoric anhydride (P2OS), determine it by analysis and correct the alumina 
determination accordingly. 

Determinatioxi of Phosphorus 

Phosphoric acid may be separated from titanic acid by repeatedly fusing 
the ore with alkali carbonate and extraction of alkali phosphate with water. 

The determinations of other constituents of the ore arc conducted by the 
usual methods of ore analysis. 
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Wilfred W. Scott 

W.» at.wt. 184.0; sp.gr, 18.77; m.p. 3000° C.;* oxides, WO 2 (brown); WO 3 
fellow ) ; acids, HsW 04 » ortho tungstic; HiWiOiay meta tungstic 

DETECTION 

Sfinerais. The finely powdered material is fused with about six times its 
weight of potassium hydroxide in a silver or nickel crucible. (Fusion with NojCOa 
or with KHS ()4 in platinum will also decompose the material. See Solution of 
the Sample.) The cooled mass is extracted with hot water and filtered. The 
solution is treated with about 25 cc. of dilute hydrochloric acid and boiled. The 
precipitate formed may contain antimoiij’^, molybdenum, niobium, silica, tantalum, 
tin and tungsten. This is filtered and the moi.st residue treated with a solution 
of yellow ammonium sulphide. Antimony, molybdenum, tin and tungsten pass 
into the filtrate, niobium and tantalum remain on the filter. The ammouiacal 
sulphide extract Is acidified with hydrochloric acid and boiled. The precipitate 
is filtered and washed with a little hydrochloric and nitric acids. Antimony, 
molybdenum and tin pass into the filtrate, while tungsten and sulphur remain on 
the filter. Tungsten is now confirmed as follows, portions of the precipitate 
being taken : 

1. The residue is suspended in dilute hydrochloric acid and a piece of zinc, 
aluminum, or tin placed in the solution. In the j)resence of tungsten a blue- 
colored solution or precipitate is seen, the color disapiwaring upon dilution with 
water. 

2. A portion of the precipitate is warmed with ammonium hydroxide and the 
extracts absorbed with strips of filter paper. 

(а) A strip of this treated paper is moistened with dilute hydrochloric acid 
and warmed. In the presence of tungstic acid a yellow coloration is produced. 

(б) A second strip of paper is moistened with a solution of stannous chloride. 
A blue color is produced in the presence of tungsten. 

(r) A third strip dipi^ed into cold ammonium sulphide remains unchanged 
until warmed, when the pajwr turns green or blue if tungsten is present. 

Iron, Steel and Alloys, These decomposed wth strong hydrochloric acid 
followed by nitric acid as directed under Solution of the Sample leave a yellow 
residue in the presence of tungsten. If this residue is digested with warm ammo- 
nium hydroxide and the extract evaporated to dryness a yellow comptmnd, WOj, 
will remain if tungsten is present. This oxide may 1x5 reduced in the reducing 
flattie to the blue-colored oxide. 

* Columbium is also known as Niobium. 

* Circular 35 (2d lOd.), U. S. Bureau of Standards. 
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ESTIMATION 

Tungsten occurs principally as wolfram, a tungstate of iron and manganese 
(FeW04-Mn()4), and as scheelite, a tungstate of calcium (CaW04). The best 
concentrate of hand-picked material contains 70 to 74% tungsten in terms of its 
oxide, WOa. 

The element is met with in alloys — ^ferro-tungsten,* silico-tungsten, tungsten 
steels containing as much as 10 to 20% of the metal, used for making high-speed, 
self-hardening cutting tools; tungsten powder; ^ alkali tungstates for mordanting 
purposes; tungstic oxide, WO3; tungsten electric light filaments, etc. 

Solution of the Sample 

For solution of the sample the following facts should be kept in mind 
regarding solubilities. 

■^rhe metal is practically insr)luble in IICl and in Il2S()4. It is slowly attacked 
by HNOs, atpia regia and by alkalies. It is readily .soluble in a mixture of HNO* 
and HF ( =WF« or VVOF4). 

Oxides. WOa is soluble in hot IKH and in hot II2S04 ( =red sol.), also in 
KOH (red sol.). The oxide ^V'0.1 is scarcely soluble in acids, but is readily soluble 
in KOIl, ILCO,, NII^OH, (Nll4).(:()3, Both the acid and the alkali 

solutions deposit the blue oxide on standing. 

Acids. Ortho tungstates. A few are soluble in water and in acids. The 
alkali salts only slightly soluble. The meta tungstates are easily soluble in water. 
Tungstates are pre<‘ipitated from alkali ssilts by dilute H2SO4, HC’l, HNO3, HjP04 
(a(iua) as yellow ANOa-TLO or white IV()s-2ir.O. Meta tungstates are not pre- 
cipitated by cold acids, but are prccipitat<!d by boiling and by long standing. 

Solution of Minerals. Fusion Method. 'Fhe material may be opened out 
by fusion with alkalies or alkaline carbonates, or by solution in mixtures of acids 
of which hydrofluoric acid is a constituent. The following procedure is satis- 
factory: 

I'he finely divi<lcd mineral is fused with five or ten times its weight of sodium 
or jiotassium carbonate and tin; fusion extracted with hot water. The aqueous 
solution may contain one or more <d the following: alkaline tungstate, niobatc, 
molybdate, tantalate, arsenate, antimomite, staninite, aluminatc, chromate, vana- 
«latc, silicate, idiosphate, sulphate, chloride, fluoride, etc., in absence of com- 
binations forming insoluble precipitates. The residue may conkiin alkaline 
zirconate, ferric oxide, carbonates of calcium, strontium, barium, etc. Tungsten 
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is d(?terininc<l in tho filtered solution by aeid or mercurous nitrate precipitation, 
as is described under the procedures hir tlio gravimetric determination of tlie 
element. (Separation of tungsten from certain substances may be nccc*ssary.) 

Steel and Alloys. Low tungsten steel may be decomposed with hydrochloric 
oi* dilute sulphuric acid, the greater jiart of the iron being removed in solution and 
tungsten remaining behind as a metal with a small amount of iron. Tho residue 
is then fused with sodium carbonate, the tungstate extracted with wati^r, and 
tungsten determined gravimetrically. Brearley and Ibbotson recommended the 
following procedure:^ 

Five grams of the sample are digested with 50 to 100 cc. of concentrated 
hydrochloric acid just short of the boiling-point. The iron is easily attacked, 
but tungsten is not. On adding a few drops of concentrated nitric acid the ferrous 
chloride changes to tho ferric fonn and tungsten is visibly acted upon until the 
clear orange-colored ferric chloride blackens again, showing that some ferrous 
chloride has reformed. By repeating the addition of nitric acid as required, for 
converting all of the iron to tho ferric state and adding a slight excess the sample 
completely passes into solution in a few minutes. The essential points of the 
process consist in the present of sufficient hydrochloric acid to keep the tungstic 
oxide in solution until decomposition is complete, and maintaining the strength 
of the acid during the dccom{x>sition. The smaller the excess of acid over neces- 
sary requirements, the greater the economy of material, and of time o<*cupied in 
the subsequent evaporation. No more oxidant is used than is necessary to com- 
pletely oxidize tho iron and tungsten. If the acid solution of the metal is boiled 
until the tungstic oxide begins to separate out, and then diluted with at least 
twice its volume of hot water and again boiled, all the oxide is precipitated except 
2 or 3 milligrams. The oxide, WC).,, is generally contaminated with silica, which 
may be removed by volatilization with hydrofluoric acid; and it contains traces 
of ferric iron, which may be estimated by fusion of the rcsitlue with sodium car- 
bonate and extracting the tungsten W'ith hot water; the iron remaining may be 
ignited and weighed and the weight subtracted from that of the previously weighed 
oxides WOj and FejOa. 

In tungsten molybdenum steels 90 cc. of strong hydrochloric acid and 10 cc. 
of concentrated nitric acid are recommended. 'Phe solution is evaporated to 
pastiness, and then taken up and boiled with dilute hydrochloric acid (1 : 4), 
tungsten and silica remaining undissolved and molybdenum and iron passing 
into the filtrate. 

Steel containing a high percentage of tungsten is extremely hard, so that it 
is practically impossible to get filings or borings without contaminating the .sample 
with material from the cutting tool. The substance is best prepared by hammer- 
ing into a coarse powder in a steel mortar. These coarse i>articlc.s are not readily 
decomposed by the usual acid treatment or by tho alkali carbonate and nitrate 
fusion. Opening up of the material may be easily accomplished by fusion with 
potassium acid sulphate. 

About 0.5 gram of the coanse powder is heated with ten times its weight of 
KHSO4 over a h»w flame, with covered crucible, the flame being removt^d if the 
action becomes violent. The melt is cooled slightly and an additional 5 gmms 
of bisulphate added and the treatment roijoated. Finally a third 6-gram portion 
of the acid sulphate is added and the imitcrial heated to a cherry rcdnc.ss for a 


* “ The Analysts of Stecl-W’orks Materials.” 
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few miixuttis. About, fifteen or twenty minutes arc suffieient to decompose the 
material. I'hc heating should be conducted cautiousl.v so that finly a gentle 
evolution of gas occurs, and the mass kej)t in a molten state until the black par- 
ticles of st('el liave entirely dissolved. The mass is now cooked, the crucible and 
cover i)lace.d in TiO to 7!i cc. of water and boiled to disintegrate? the fused mass. 
The liquid is treated with 20 cc. of concentrated hydrochloric acid until the pre- 
cipitated tungstic ai'id is yellow. After settling, the precipitate is filtered off 
and washed with 10' ammonium nitrate solution. The residue is then dissolved 
in hot dilute ammonium hj’droxide, the ammonium tungstate then evaporated 
in a weighed platinum crucible to dryness, then covered with a watch-glass and 
the residue heated to decompose completely the ammonium salt. Tungstic oxide, 
WOs, remains and is so weighed. 

Should silica be present in the sample it will contaminate the oxide, WOs. It 
is removed by volatilization with hydrofluoric acid. A small amount of tungsten 
passes into the filtrate from the acid treatment, which is recovered by repeated 
evaporation with hydrochloric acid as described under the gravimetric procedure 
on page 453. 

Ferro Tungsten Alloys may be dissolved by covering 1 to 2 grams of the 
alloy placed in a platinum dish with hydrofluoric acid and adding nitric acid in 
small portions, the dish being kept covered during the intervals between the 
additions. When the energetic action subsides 10 to 15 cc. of strong sulphuric 
acid are added and the inateriiil digested until the decomposition is complete. 
The mixture is now evaporated to SO* fumes over a low flame. (Air blown over 
the solution assists evaporation.) The residue is collected on a filter and washed 
well, then ignited and weighed as WO*. 

Tungsten Bronzes. Alxout 0.5 gram of finely powdered bronze is heated in 
a porcelain cnicible with 2 grams of alkali-free ammonium sulphate and 2 cc. 
of concentrated sidphuric acid, using a very small flanxe and occasionally agitating 
the mixture. After a few rrxinutes when sulphuric acid fumes are freely evolved the 
crucible is allowed to cool and then ad<litionnl ammonium sulphate and sulphuric 
acid an; added and tin* heating ro|K*ated until strong acid fumes are evident. The 
ma.ss is cooled, moistened with water, rins<^l into a porcelain dish, 50 cc. of con- 
centrated nitric acid adde<l and tin* c<intents digested for about four hours, then 
diluted w'ith water and the tungstic oxide, WO*, filtered off. The small amount 
of tungsten j)a.ssing into the filfratx* is recovered by evaixorating to dryness and 
extracting the residue with hot dilute ainiuonium hydroxide. WO* is precipitated 
with HCl and the alkalies determined in flic filtrate. 

SEPARATIONS 

One or more of the following separations may be required in the isolation of 
tungsten. (See Separation of I'migsten under Detection.) 

Separation of Tungsten from Silica. The oxide of tungsten, as ordinarily 
obtained, is frequently contaminated with silica. The removal of silica is accom- 
plished by heating the mixture in a platinum dish with sulphuric and hydrofluoric 
acids and volatilizing the silica. After taking to dryness and igniting gently, 
the last traces of sulphuric acid are expelled by adding ammonium carbonate 
and again igniting. 

Separation from Tin. The method depends upim the fact that volatile stannic 
chloride is formed and expelled when stannic oxide is heated with ammonium 
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cliloride, while the oxide of tungsten remains iM'hiud. The mc'tliod was jwoposc'd 
by Rumnielsbcrg.i 

Silica having been removed, the weighed residue is mixed willi six to eight. tinu'S 
its weight of i‘immouium chloride (free from nou-volatile residue) in a platinum 
crucible, placed in a larger crucible, both v(‘ssels being covered. JI(*at is applied 
until no more vapors of ammonium chloride are evolved. Additamal ammonium 
chloride is added and the treatment is rc|H-atetl tliree times. The fourth treat- 
ment is followed by weighing of the residue and the tr«*atmeut repeated once 
more. If no further loss of weight takes place it is assumed that all tlie stannic 
oxide has Iwen driven off. 'I’lio inner crucible is now placed tlin*ctly over the 
flame and heated to dull redness for a few minutes and the oxide, WOa, weiglied. 

Separation of Tungsten from Tin and Antimony. Talbot’s Process.- 'I'he 
mixed oxides are fu.sed with twc'lve times their weight of 2 )()tassium cyanide in 
a porcelain crucible. Tin and antinumy are thrown out as metals and llie solnl)l(‘ 
alkali tungstate formed. This is leached out witli water and the acineoiis extnict. 
boiled (hood) with an excess of nitric acid to drive off the cyanogen compounds. 
The tungstate is then precipitate<l by the usual methods. If phospliorus is 
pn'sent in the sample it will l)c found in the solution with tungsten and its removal 
will lx; lu'ccssjiry. 

Separation of Tungsten from Arsenic and Phosphorus. Roth arsenic and 
phosphorus may be precipitatc'd by cold juagnesia mixture in an ammoniacal 
solution, tungsten remaining in solution. 'I'he separation of arscuiic is difficult , 
as it is teruici(»u.sly retained by tungsten as a complex salt. The following proce.ss 
is outlined by Kehrmann.® 

One to 2 grams of the sample arc fused witli tw’ice as much sodium hvdroxide 
as is required to combine with the arsenic oxide, the resulting cake is dissoha-*! in 
a little water and boiled in an Krlenmcyer flask for half an hour. After cooling, 
three^ times as much ammoidum chloride as i.s needed to form chlorides with the 
alkalies present is added, and then ammonium hydroxide equal to one-fourth the 
volume of the solution under iTivostigation, follow’ed by sufficient magnesia mixture, 
added cold, drop by drop with constant stirring. After settling several hours, 
the solution^ is Altered and the residue washed with a weak solution of ammonia 
and ammonium^ nitrate. It is advisable to dissolve the residue in dilute acid and 
repeat the precipitation several times. The ffltrates containing the tungsten are 
combined and concentrated by evaporation if necessary. The alkaline solution is 
neutralized with nitric acid and the tungsten precipitated with mercurous nitrate 
as described under the gravimetric procedures for tungsten, page 454. Magnesia 
is apt to contaminate the tungsten. 

Separation of Tungsten from Molybdenum, Hommel’s Process. The moist 
oxides * of tungsten and molybdenum are digest(;d with concentrated sulphuric 
acid and a few drops of dilute nitric acid, in a porcelain dish over a free flame for 
about half an hour. About three times its volume of water is added to the cooled 
solution, the re.siduc, WO 3 , Altered off and washed with dilute sulphuric acid (1 : 20) 
followed by three washings wdth alcohol. The residue is ingited separately from 
the paper and weighed w ith the ash of paix'r as WOj. 

» Pogg. Ann., 120, 66, 1864; CJ.N., 9, 25 , 1864. 

» J. A. Talbot, J. Sci. (2), 60, 244, 1870. 

*F. Kehrmunn, Jlcr., 1818, 1887. 

* Ignited oxides require fusion with sodium carbonate, the resulting melt is then 
treated with sulphuric acid. 
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M(>Iyl)d(*nuin is in tin* filtrate and may be j)rp(*ii)itatod in a pressure flask 
with IbS. 

Volatilization of Molybdenum with Dry Hydrochloric Acid Gas. Pochard’s 
Process.* The jjrocedure dejK'nds u|M)n the fact that molybdenum oxide heated 
in a ciirn'iit of dry hydrochloric acid gas at 250 to 270° C. is sublimed, whereas 
tungst(Mi is not a.lT<‘c*ted. 

The oxides of the two elements, or their sodium salts, are placed in a porcelain 
boat and lu'atc'd in a hard glass tube, one end of which is bent vertically down- 
ward and connecte<l with a I'dligot tube containing a little water. A current 
of dry hydrochloric aci<l gas is cr»nducted over the material, heated to 250 to 
270° ('. From time to time the sublimate of molybdenum (Alotb. 21 l(.'l) is driven 
towards the l eligot tube by careful heating with a free flame. This enables the 
analyst to olxcrve whether anymore sublimate is driven out of the sample and to 
ascertain ^\hcn the tungsten is freed of molybdenum. From one and a half to 
two hours .are gen('r;dly suflickait to accomplish the sei)arat io7i. If sodium salt is 
present it is leach(*d <»ut of the resi«lue, and this is then ignited to WO3. Alolyb- 
denum may be determined in the sublimate. 

Separation from Vanadium.^ Tungstic and vanadie acids are precip- 
itated with IlgNOs and IfgO, the moist precijutate dissolved in IICl and the 
solution larg<‘ly diluted; \\'().i is jirecipitated free from vanadium. 

Separation from Titanium.** The material is heated with KjC’Oa and KXO3, 
tungsten is dissolved out with water and precipitated as mercurous tungstate. 

Separation of Tungsten from Iron. The procedure is given under Solu- 
tion of the Sami)l(', of Steel and .Alloys. 'Fhe impure oxide WOs is fu.sed wdth 
NaaCOs and tin; melt extracted W'ith wabir. FefOlOs remains on the filter. 
The filtrat(! is evaporated to <lryness with lIXOs and the residue extracted with 
W'atcr. The insoluble \V()3 is washed with dilute NH4XO3 solution, then dis- 
solved in XII4OH and tungsten determined in the solution. 


GRAVIMETRIC PROCEDURES FOR DETERMINING TUNGSTEN 

Since there is no highly commendable volumetric procedure for determin- 
ing tungsten, the gravimetric methods arc preferred. 

The element is determined as ttmgstic oxide, WO3. It may be isolated 
in the form of tungstu; acid, ammonium tungstate, or as mercurous tungstaU*, 
in the usual course of analysis, all of wliich forms may be readily changed by 
ignition to the non-volatile oxide, AVO3. 

Precipitation of Tungstic Acid 

Isolation of tungstw; acid by acid treatment of steels and alloys is given under 
Solution of the Sample in the procedures for these substances. If a fusion 
ntelhod with an alkali hydroxide or carbonate has been used for decomposition 
of the sample and the tungsten extracted with water the oxide may be precipitated 
as follows: 

An equal volume of concentrated hydrochloric acid is added to the aque- 

* K. Pochard, Conq). Rend., 114, 173, 1891. 

* Friedheim, C. N., 61, 220. 

* Defacqis, C.N., 74, 5J93. 
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ous solution of the .alkuli tungstate, and the mixture eynpomted to dryness 
on the water bath, and then heated for an hour or more in the hot-air oven at 
120® C. The residue is moistened with hydrochloric acid, then taken up anti 
boiled with water, liltered and washed with a 5% hydrochlorit; acid or ammo- 
nium nitrate solution. 'I'he |)r('eipitate is ignited and weighed as WO 3 , which 
contains 0.793 gram of tungsbrn per gram of oxide. 

Notk. a small amount of tungsten may ])ass into the filtrate. This is recovered 
by repeated evai>oration with hydro(;lilori<5 or nitric acids. 

Precipitation of Tungsten as Mercurous Tungstate. Berzelius* 

Process^ 

The water extract of the sodium carbonate fusion is concentrated to 50 to 
1 (W cc., a few drops of methyl orange addwi and the alkali carefully neutralized 
with nitric acid, avoiding an excess.* The mixture is boiled to expel all the 
carbonic acid, then cooled and an excess of mercurous nitrate added. (Usually 
20 cc, of a solution made by digesting 60 grams of mercury with 25 cc. of nitric acid 
(sp.gr. l,4)'t-7.5 cc. of water two hours on steam bath, and diluting to 100 cc.) 
When the precipitate settles the supernatant solution should bo clear. After two 
hours or more the yellow precipitate is filtered off, washed with 2 % mercurous 
nitrate solution, dried and ignited to WOs. 

One gram WOj = 0.79.3 gram W. 


Volumetric Method -^ 

Tungstic oxide is precipitated according to one of the iirocedures outlined in 
the section on S(»lution of the Sample. The imjuire oxide containing silica and 
iron is washed on the filter with dilule nitric acid, then with dilute solution 
of pf)tassium nitrate (5-10^;;, sol.) until the filtrate shows the residue is fre(‘d from 
acid. The residue is washed into a fla.sk, 200 cc. of water added and the mixture 
titrated boiling hot with standard solution of sodium hydroxide, using phenol- 
phthalcin as indicator. 

One cc. N. XaOll = 0.1 10 gram WOs, or =0.092 gram W. 

f^«l‘'veigger’s Jour., Ifi, 470, ISIO; W. W. Hutchin, Analyst, .36, 

0»/0j 1 1/ 1 It 

* Mell«)r recommends adding a few drops of nitric acid in excess, followed by the 
mercurous nitrate, and then ammonimn hydroxide, drop by droj), until a browii pre- 
cipitate sitpurutes. * ' 

’Hcrting, Z. angew. Chem., 14, 105, 1901. 
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TANTALUM AND COLUMBIUM 

Cb, at.wt. sp.gr. 7.06; m.p. 10.50®; oxides CbO, CbO^, Cb20s. 

Ta, at.wt. 181.5; 8p.£rr.14.40; m.p. 3900®; oxides TaOa, Ta-jO^, TajOt. 

DETECTION 

The finely iH)wdered mineral is digested with strong hydrochloric acid, 
followed by concentrated nitric acid and the mixture taken to dryness. The 
residue is treated with hydrochloric acid, diluted with water, boiled and filtered. 
The residue is digested with warm ammonium hydroxide to remove tungsten 
and the solution filtered from the insoluble material, in which tantalum and 
columbium will be found, if present in the sample. 

Decomposition of the material may be effected according to the procedure 
described for the detection of tungsten, ptigc 448. 

The residue obtained is digested, in a platimun crucible, with hydrofluoric 
acid and a saturated solution of potassium fluoride added. The mixture is 
Civuporated to small volume and allowed to cool slowly. Tantalum will separate 
in acicuhvr rhombic crystals (solubility — 1 part of the salt in 2(K) parts of water) 
as potassium fluotantalate 2KF*'raF6; columbium separates in plates as the 
double fluoride, 2KF-Cbh'6, if HF is in excess, or as a double oxy-fluoride 
2KF •(^bOFs, if 111^’ is not in excess; the columbium salt being much more 
soluble (I part of the salt in 12 parts of water) crystallizes after the crystals of 
tantalum have formed. 

'I'he crystals may be examined under a lens and then treated as follows: 
'Phe lUM'dle-like crystals are heated in a shallow platinum dish or crucible cover 
with strong sulphuric acid to fumes, the cooled mixture is transferred to a test- 
tube with water and l)oiled to jirecipitate the tantalic acid. An opalescent 
solution is obtained whcir this ])reci[)itate is 1 ,reated with an excess of hydro- 
chloric acid. Metallic zinc added to tin's solutum produces no color. A light- 
brown precipitate is obtained Avith taiuiic aci<l in the presence of tantalum. 
If the crystals of columbium salt are treated in the same Avay, metallic zinc added 
to the acid sf)lutinn AA’ill give a blue coloration, and tannic acid an orange-red 
coloration. Tantalic aci<l fusc'd Avith sodium meta-phosphate gives a colorle.ss 
bead (distinction from silica). 'Plie bead moistened Avith FeSO« and heated in 
the inn<‘r flame is not coIoixmI red. f’olumbic acid fuse<l in the same AA^ay gives a 
blue })ead in the reducing flame, and a red bead by addition of FeSO^, and heat- 
ing in the flame. 


ESTIMATION 

Tantalum and columbium occur commonly AA’ith tungsten in nature. In the 
folloAving minerals, hoAA'tiver, tantalum and columbium form the more important 
constituents: 

Columbite, (Ta-(fl))2(Fe-Mn)0(i; pyrochlore, RCb206R(Ti.Th)3; hatchet- 
tolite, 2R(Cb-Ta)206 or R2((;b*Ta)2()7; fen?usonito, R(Cb*Ta)04; yttrotan- 
talite, RR(('b-Ta) 4 ()i 5 - 4 n 20 ; samarskitc, R3R2(Cb-Ta)G02i. 

Tantalum is used in electric light filaments; it is also used for hardening 
steel for drills, files, cutting edges, Avatch springs, and pen points. It is used 
in rectifiers for alternating currents. 
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Solution of the Sample 

Tho stiitcmt'nts nuulo for solution of (ho sainplo in (lot(*rnuiKitioris of tiingston 
apply hero also. It is av(‘11 to l\«‘c‘j) tho following facts in mind: 'ranlalum is 
insolul)lo in tho ooninion iiiinoral acids — hydrochloric, nitric and sulphuri<* aci«ls, 
but dissolves in hydrolluoric acid, ('oiuinl)iuni is insohii)Io in hydrochloric, 
nitric and in nitro-hydrochloric achl, but dissolves in hot conc(‘nfrat(*d sul- 
phuric acid. The oxides 'FajOs and CbjOs fused with KOIl form soluble salts. 
Cl^Oa (not strongly ignited) is soluble in acids, from which (Nlld^S an<l .XIIiOlI 
precipitate columbic acid (containing ammonia). Freshly precipitated tantalic 
acid is .soluble in acids, and reprecipitat(*d bv NlliOIf. The acid (lissolves re.adily 
in HF. 

Tantaliferous Minerals. Although decomposition m.ay be effected by fusion 
Avith |)otassiuin acid .su!phat<‘, fusion with potassium hydroxide is recommended 
as Iming the best flux for op(*iiing the min(‘rals. Simpson’s process is as follows:' 

Three, grams of pure potassium hydroxide are fused in a nickel or silver 
crucible and the finely j)*>wdered mineral (().."» gram) adde(l, the contents mixed 
by gently rotating the crucible and fusion kept at a dull red heat for ten min- 
utes longer. The crucible placed in a liole in an asbestos Ixiard, Fig. 65, is 
heated over a free flame for half an hour, the sample being covered. The lid is 
removed and allowed to cool reversed, if any material clings to this. The cooled 
crucible, placed in a beaker, is two-thirds filled with distilled water, and a clock- 
glass immefliately placed over the beaker. After the violent reaction has sul> 
sided the contents of the crucible are poured into about 10 cc. of dilute hydro- 
chloric acid (sp.gr. 1.08) in a .300-cc. Iwaker, and the cnicible, basin and the 
lid washed with water, follow'ed by alaiut 20 cc. of the dilute acid, and again 
with water, adding the xvashing.s to tho remaining solution. The total volume of 
the solution should f)ccupy from 80 to 100 <*c. A drop or tw'o of alcohol are 
added to destroy any potassium marigauate formed. 

Separations 

Isolation of Columbium and Tantalum Oxides. Separation from iron, 
mnnganc.se, copper, cobalt, nickel, calcium, magnesium, titanium, and tin. The 
solution obtaine<l above is Iwilcd with 5 to 10 cc. of hydrochloric a<‘id (sp.gr. 
1.16) (less acid jnay lie used if titanium is absent). Columbium and tautalum 
hydroxides are precipitated. Tho solution is now' diluted to 200 ee. ami boiled 
for fifteen muiutes longer to make sure that the pnuMpitatiou is complete. After 
settling, tho clear solution is d<!eantod throiigli a eloso-grained filter and tho 
residue, having lieen transferred to the filter, is washed with dilute hydrocliloric 
acid (sp.gr. 1.08) until tho washings give no indication of iron. 'Flic residue may 
contain tantalum, columbium, 1ung.sten, silica, antimony and tin. 1’lie greater 
part of the tin, titanium, and all f)f the iron, manganese, cobalt, nickel, copiier, 
calcium and magnesium are removed in the filtrate. 

Notos. If the filtrate becomes turbid, it is atlvis.'ilih* to dilute the solution and 
rcijcat tho boiling to recover the cohuubium and tantaluiu tlmt may still be in solution. 

In the presence of appreciable amounts of titanium a soluble double chloride 
of columbiiun and titanium is formed, so that the precipitation of columbium 

^ E. S. Simpson, Chcin. News, 99, 243, 1909. 
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is not coin|)U*li*. (See T.. W(mss and T.aml(*ckc*r, ('hom. News, 101, 2, 13, 20, 
1910.) Th(! fortnatioii of this roinpountl is liindoml Ijy tho ad<lition of an 
o.xidi/ing a^cnt- sodium nitrate — to tho alkali. 

Removal of Tin, Antimony, Tungsten and Silica. Tungsten is removed 
hy digesting the moist pre(‘ij)itat.e with ammonium hydro.xide or sul])hide, tungsten 
hoing .soluhle in these reagents. Antimony and I’in are also removed. 

Silica is volatilizetl l)y Inciting the residue with sulphuric and li3'drf>fluoric 
acids according to tin* .standard proc(jdun?. 

Tin. Th(! oxidci may 1)0 reduced with lu'drogen i)assed over the lieated 
residue within a l)f)at placed in a combustion tube. 4’he tin may now be dissolved 
out with hydrochloric acid. 

Determination of Columbtum and Tantalum 

The insoluble residue obtained, freed from other ehueents by the procedures 
outlined, is ignited at a red heat fur fifteen or twenty minutes and the residue 
weighed as Ob^Oj+TaaOe. 



URANIUM 

WiLFKKo W. S(;on’ 

Vf ut,wt»29S,Ri ap.gr. 18.7; m.p. <18.'>0®(^;^ oxides UOj, UO 3 , 
(oxide IJjOg, formed by ignUion~\]Oi-]r2\JOi) 


DETECTION 

The mineral is warmed Avitli a sliRht excess of nitric acid (1:1) until decom- 
position is complete. The solution is diluted witli water and then au excess of 
sodium car))onate added and the mixture boihsl and filtewjd. Sufficient nitric 
acid is added to neutralize tlie carbonate, and aft(‘r exi)ellinK the CO2 by boil- 
ing, sodium hydroxide is added to the liltrati;. A yellow precipitate is fonued 
in presence of uranium. The ])r(>cipit.ate is insoluble in an excess of the reagent, 
but dissolves in the ammonium carbonate. 

Urnnovs salla are green or blue and form green or bluish-green solutions, 
from which alkalies precipitate uranous hydroxide, n'ddish brown, insoluble in 
exc(‘ss, but rc'adily dissolved by anuuonium carbonate. Uranous sjilts are strong 
reducing agents. 

Uranifl sails (TTO.* ll-d are yellow. Alkali earboaates give a yellow precipitate, 
soluble in excess. TO- is regarded as a basic; radical, knomi as “ uranyl.” TIm' 
radical migrates to the cathode, uj)on electrolysis of a uranyl solution. I'ranyl 
salts arc more stable than uranous and are bett(‘r known. 


ESTIMATION 

The element occurs in the following minerals;* 

Pitchblende, or uraninite, contaitiing *10 tr) DO*",'. r.i08. 

Autunite, (’a(U()2)-IM)s-SlI,(). contains.'').") to (>2':;, IJO,,. 

Torbernite, Cu(r()A2*P!<);.*<slI,(), cont.ains 57 to (‘>2% UO3. 

Camotite, a vanadate of potassium and uranium, VaOi.* r-Os'KaO-.^TTaO. 

Samarskite, a urano-tantalate of iron aiul yttrium, etc., 10 to POa. 

Fergusonite, a columbate of cerium, uranium, yttrium, calcium aiwl iron. 

Nearly all the silicates, phosphat{;s and zirconates of the rare earths contain 
uranium. 

The element is used in the ceramic industry for ])roducing yellow, brown, gray, 
and veh’ety-black tints. It produces canary-yellow glass. It is used as a mor- 
dant in dyeing of silk and wool. It also finds use in photography. The metal is 
used in cigarette-lighters and self-lighting burners, 

* Circular .3.5 (2d Ed.), S. Hiircau of Slandiirds. 

* Thorne, “ Dictionary of Ap]»lied djemistry,” Txingmans, Green & Co. Cahen 
and Woollen, "The Mineralogy of the Parer Mctal.s,” Chas. Griffin & Co. and J. H. 
Lippincott Co. 
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Preparation and Solution of the Sample 

The element dissolveij in liydwchloric and in sulphuric acids; less readily in 
nitric acid. It is insoluble in alkaline solutions. 

The oxide, UO 2 , dLs.solves in nitric acid and in concentrated sulphuric acid. 

The salts, UF 4 and IJ 02 (HP 04 ) 2 ' 4 II 20 , are insoluble in water, but dis.solvc in 
strong mineral acids. 

Solution of Ores. One grai , or more of the ons is dissolved \vith 1.5 to 20 cc. 
of utiua regia, by placing the mixture first on the .steam bath for ten to fifteen 
minutes and then gently boiling over a l<*w fliune or oa the hot plate. The .solu- 
tion is taken to dryne.ss, silica <lehydrated as usual, the residue treated with 10 
cc. of hot dilute hydrochloric acid aarl diluted to about .50 cc. with hot water and 
the silica filtered off. Uranium passes into the filtrate. The solution is now 
treated as directed under (Separations. If nmch silica or acid-insoluble matter 
is present, this should be treated iti a jdalinum dish with .strong hydrofluoric acid, 
and evaporated twice on the steam bath A\ilh liydrochloric acid to exj)el HF. 
Thf- *'c;:;idue, di.s.solv(!d with h 3 'drochloric acid and water, is added to the first jM)r- 
tion of solution obtained. 


SEPARATIONS 

Separation of Uranium from Copper, Lead, Bismuth, Arsenic, Antimony 
and the Other Members of the Hydrogen Sulphide Group. 'J'hc solution 
contaiiung uranium, etc., having an acidify of about .5 cc. strong IK'l per 100 cc. 
of solution, is saturated with hydrogen sulphide and allowed to settle and again 
saturated with IljS. 'I'he sulphide.s are filtered off and washed. The filtrate 
and washings contain the uranium that was jiresent in the sample. 

Separation of Uranium from Iron and from Elements Having Water- 
insoluble Carbonates. '^I’he filtrate from the* h\(lrogcn snl))hid(' groii)) is con- 
<'entraled to about lot) cc., and Jo cc. of hx'drogen peroxide adde<l. 'fhe solution 
is now ueutrjili/.ed with sodium carbonate ami about 3 grams ailded in exces.s. 
After boiling for about twenty minutes, renewing the water evaporated, the 
hydroxide of iron, insoluble carbonates, etc., are filtered off, washed with hot 
water and the filtrate .set aside for thi! determination of uranium. To recover 
jiny occluded umnium the precipif.alo is dissolvi'd in just .sufficient nitric acid to 
effect solution, and iron again jM-ecipitated b.v addition of hydrogen peroxide and 
sodium carbonate and boiling as directed above. The combined filtrates from 
this pi-ccipitate are concentrated to about 2.50 cc. 

Separation of Uranium from Vanadium. Procedure 1. To he Used in the 
Determination of Uranium. 'J'he solution obtained as tliriH'ted, under the jirevious 
separation, is acidified with nitric acid, adding .a slight c.xcess, and expelled 
by boiling. The acid is now neutralized with ammonia fa slight |jcrmanent pre- 
cipitate apjjearing), and then 10 cc. of strong nitric acid is added (total volume 
about 2S0-8()0 cc.). Vanadium is now precipitated as lead vanad.ate by adding 
10 cc. of a 2.5% solution of lejid acetate, followed by sufficient strong ammonium 
acetate solution (1 vol. strong Nll»OII-i-l vol. HjO-j-suffieient glacial acetic acid 
to neutralize NII4OH) to neutralize the free nitric acid. The jireeipitated vana- 
date, wffiich is imsolublc in the acetic acid fonned by the reaction, is allowed to 
settle for a couple of hours on the steam bath and is then filtered off and washed 
once, the uranium passing into the filtrate. To recover any occluded uranium 
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the precipitate is dissolved in the least amount of nitric acid required, the solution 
neutralized with ammonia, diluted to al)out J(K) cc. and 5 cc. nitric acid added 
followed by 2 to 3 cc. of load acetate solution. The vanadate of load is again 
precipitated by neutralizing the free a<‘id with ammonium acetate. The vanadate 
is filtered off and washed with warm water. The filtrate containing the uranium 
is conceiitratcjd to alwut 400 cc. 

In order to remove the load present in the filtrate, duo to the excess of the 
acetate reagent, about JO cc. of strong sulphuric acid are added, the bulk of the 
lead precipitati'd ns the sulphate is filterecl <iff, and the l*bSt )4 washi’d with cold 
water. The filtrate is neutralized with ammonia and freshly prepared (XlblllS 
added until the solution appears yellow and the remnining lead and all the urnnium 
are thrown out as sulphides. The precipitate is allowed to settle on the steam 
bath, and tluai filtered off and waslu'd with a small amount of warm water, 'fhis 
is now dissolvi'd with hot dilute nitric acid (1 ; 2), and the nitric a<*id then 
expelled by taking the solution to S().i fumes with about cc. of strong sulphuric 
acid. The cooled residue is taken up with cold water, boiled and the hvul sul- 
phate allowed to settle until the solution is cold. The precipitate is filtered off 
and W'ashed with water slightly acidified with suli>huri(i acid, rranium jiasses 
into the filtrate. If alumina is firesmit in the sample it must now Ik* ri'moved 
according to the directions following I’roeeilure 2, before pnK*ipitation of 
uranium. 

Procedure 2. To be Used in the Volumetric Determination of Uranium. 
The separation of vanadium from uranium may bo effected by prc'cipitation of 
the latter as a phosphate according to the following procedure. 4'he solution is 
h(*ated and allowed to run in a small stream through a funnel with <*onstricted 
st(‘m, into a boiling solution of In grams of ammonium acetate, Ti grams of micro- 
cosmic salt dissolvi'd in iOO ec. of water containing about o cc. of glacial acetic 
acid. A rod, with a cup-shaped tip, placed in the .solution jirevi'ots bumping. 
The mixture is allowed to boil for a few minutes, the beaker is then removed from 
the heat and the precipitate allowed to settle. This is nmv transh'rred to a lilti'r 
after first thicanting off the clear solution. It is washed once with hot water, 
then washed biick into the beaker and dis.solv('d in a small amount of hot dilute 
nitric acid, the precipitate clinging to the tiltiir being dissolved off l)y the acid, 
which is allowed to run through the filter into the beaker. T’his nitric; acid .solu- 
tion containing the, vanadium is diluted to alsmt 7o cc. and the uranium (together 
with aluminum if i)re.sent) again prc'cipitated as the jihosphate according to the 
procedure de.scribed. The precipitate is ag:iin transferred to the; filter i)r<;viously 
used, and washed off with hot water four or five times. \'ana<lium jia-sses into 
the filtrate. The iihosjihate is now disscjlved off the filter with l/i cc. of hot dilute 
sulphuric; acid (1 : 3), and uranium determined by titration with pcu'inanganate 
according to t he directions given under the vohim(;trie mccthod d(;.scribod later. 

Removal of Alumina in the. Gravimetric Method for Determining Uranium. 
Alumina would interfere in the gravimetric method, hence its removal is nec<;s- 
sary if ])rc‘sent. 'ITie filtrate obtainc'd aftc:r removal of iron and freed from vana- 
dium, if this is jirc’sent in the original sample, is ii(;arl.v neufraliz(>d with ammonia. 
Now sufficient ])owdered ammonium carbonate is addc'd to the cooled solution 
to precipitate the alumina and rcjact with the uranium, and about 2 grams in 
excess. If the precipitate is bulky and is at all .yellow, it is dissolved in a little 
sulphuric acid and again jircicipitated as bc'forc*. ^T^e aluminum hydroxide is 
filtered off and washed with hot water. Uranium is detennined in the filtrate. 
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GRAVIMETRIC DETERMINATION OF URANIUM AS THE 

OXIDE, U3O8 

Procedure. The filtrate containing the uranium, as obtained according to 
the method given, is made slightly acid with hydrochloric or sulphuric acid and 
boiled to expel the CO^. Ammonium hydroxide (free from carbonate) is now 
added in slight excess and the solution brought to boiling. The precipitate is 
allowed to settle, them filtered oid/' filter paper or into a weighed Cloc'ch crucible 
and washed five or six times with 2 ^/^, solution of ammonium nitrate and finally 
once with water. It is now dried and ignited to the oxide UaOs, in which form it 
is weighed. 

r,()«XO.S4S2 [\ 

Notes. The purity of the oxi<Ie may be aseor^ainod by dissolving: in IINO 3 and 
IcslinK for vanadium with 11202 and for AbOa by adding (Nil4)2C()3. 

"I'reailwell re<*ojmuends that tlu‘. oxide he nMiueed by iiydrop;en jKissed ovc»r the 
n‘d-li*it nvsidue, the I rown t ’(>2 heiiii; fornu^d. '1 he oxide is cooled in a current of 
iiydrogen. 

VOLUMETRIC DETERMINATION OF URANIUM BY 
REDUCTION AND OXIDATION 

Introduction. The determination of uranium by oxidaf ir)n of the lower oxide 
l/()2 to rOa may be accomplislu'd with gn^at a.ccura(‘y by n.(*aus of permanganate 
ill precisely the same manner as in tlie deterii'inatioii of iron, the Jones reductor 
being used for tin? reduction of the uranic salt to tlie uranous form. The metal 
must be in solution (‘itluu’ as a suliihate, a chloride or an ac(‘tatc, but not as a 
nitrate. If jireseut as a chloride? tlie usual pn'ventative solution of phosphoric 
acid and manganous sulphate solution must be jirescait as incase of the titration 
of a chloride of iron, luMiee a siiljihate solution is to be preferred. Although the 
d('gree of re'ductiou varies A\ith conditions, it is found that with brief contact 
with the oxygon of the air the oxide I'Oa is formed. 

Procedure. Solution. The met hod for ]>reparatiou of the sample, isolation 
of the uranium, lias bc'en givem undeT Preparation and Solution of the Samphi 
and Separations. ’'Fhe solution from I lie? ammemium carbematc prt'cipitate is 
acidifieel with sulphuric acid anel boiloel to exjiel the CO2. 

Reduction. The uranium sulphate? solution, elillit(‘d tt) a volume of 100 to 
loO ce?., e.*ontaiTiing one?-sixth of its volume of sulphuric acid, is he^ateel nearly to 
boiling anel the eirganic matter that may be pn?sent oxklize'd by addition e>f just 
sufiicieiit potassium permaiigaiinte solutitm tej proehice a faint pink e*ole>r. Fifte?(?n 
te) 20 cc. of dilute? sulphuric aeud are passed threiugh the? IS-iii. cedumn of ziiie? in 
tlie Je)iu‘s WHlue*tor, follenveel by the lieit uranium sulphate solutie)n, fleiwing veuy 
sleiwly, fiftc'on te> twenty-five minute's be'ing re'c|uired for 0.2 gram uranic oxiele, 
thirty to forty iiiimite?s feir 0.‘1 gram eif the e)xiele, care bc'ing takem that the liepiiel 
ill the? re*ehictejr always ceiveTS the zinc.- The urniiic seiliitioii is folleiw^ed l\y 10 to 
15 cc. e)f dilute 1 : (> solutiem of sulphuric acid. 

^ Dxielatiejii ejf lower ejxiele?s by air te> IJ() 2 ". O. S. l^uliuan, Jr. Am. Jemr. Sc. (-1), 
1 «, 220 . 

2 Hydrogen dioxieh? formed by nase;ent hydrogen iu contact with air would vitiate 
results, (iooch. 
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Titration. The olivo-Rrooit solution is poured into a beaker or casserole. 
''I’he lower oxides are imni<*di:itely oxidized to UtK l>.y Ibc air, as seen by the slight 
change of color to sea green. 'Flu' hot solution is now titrated with t(‘nth iiornial 
p(‘rmanganate. The soluti«)n during titration gradually becomes more and more 
yellowisli grecui, as the highest oxidation is approached, tmtil a faint pink color 
is obtained. With large amounts of uranium the color appears a yellowish pink. 

One cc. X/IO K.\rnO|=().l 102.1 gram T’’. 

Note. 5.5.8.') grams Fo is equivalent to I lt>.25 grams 17. —Sutton. 
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WiiiFUKu \V. Scott 

V, at.wt. 51.0; sp.gr. 6.035; m.p. 1720° C.; oxides VjO, V,Oj, VjO,, V,0„ 
VjOs; vanadates — mela NaVOj, ortho NusVOi, pyro NaiVjO;, tetra 
NaslIVeOi,, hexa NualliVoO,,. 


DETECTION 

Ammonium Sulphide or Hydrogen Sulphide passcMl into an ainmoniaciil 
solution of vanadium i)r('c‘ipitatc.s hnnvn VjSj, stilublo in an excess of alkali sul- 
phide and in alkali(;s, fonning the brownish-red thio- solution, from which the 
sulphide may be reprecipitate<l by acids. 

Reducing Agents. Metallic zinc, sulphites (S(),i), oxalic acid, tartaric acid, 
sugar, alcohol, hydrogen sulphide, hydrochloric acid, hydnibromic and hydriodic 
acids (Kl) rcdu(;e the acid solutions of vanadates with formation of a blue-colored 
liquid, (^“'ee Volumetric Methods.) Reduction is hastened by heating. 

Hydrogen Peroxide added to a cold acid solution of vanadium produces a 
brown CAtlor, changing to blue upon application of heat. 

Solid Ammonium Chloride added to a neutral or slightly alkaline solution 
of a vanadate precipitates the colorless, crj-^stalline silt, NihVOs, insoluble in 
ammonium chloride. 'I’he ammonium metavanadate ignited is decomposed, 
ammonia volatilizing and the red jx-ntoxide of vanadium rem lining as a residue. 

The colorless ammonium vanadate solution Incomes yellow when slightly 
acidified. Acids produce a red color when a<lded t() the solid salt. 

The oxide, V/if,, is distinguished from Fe-fh by the fact that it fuses very readily 
W’ith the heat of Huns(‘n burner, whereas the oxide of iron, Fe^O., is infusible in 
the heat of a blast lamp. M.p. V;0;, -Gi5S° (!.; m.]). FeAh b')4S° C. 

Comparison of Vanadium and Chromium Salts. Vanadium, like ( hromium, 
forms a soluble salt uixm fusion with sodium carbonale and ix)las!-ium nitrate 
or with sodium peroxide. Tlie solution of vanadates and of chromates are j'ellow 
or orange; th(* color of the <‘hi-omate becomes more intense when strongly acidified, 
whereas that of the A'anadate is reduced. The yellow color of the vanadate solu- 
tion is destroyed by boiling with an exce.ss of alkali, but may be re.storcd by neu- 
tralivsing the alkali with acid. The chromate color is not destroyed. (Yellow 
with alkalies, orange in acid solution.) Silver nitrate* produces a dark-nuuoon 
preeijntate with a soluble chromate and an orange-colored preci[)itatc with a 
A’anadate; mercurous nitrate jjroduces a red-colored precipitate with chromates 
and a yellow with vamidates. Vanadates are also distinguished from chromates by 
the reduction lest; redining agents .such as a .soluble .sulphite, or .sulphurous add 
addesl to aeid .solutions, form a blue-colored ignid with ranadates and a green crior 
with chromates. Ammonium hydroxide added in excess to the cold rcHluced solutions 

' Roehiolion with zinc is rain'd with vanadates, much less vigorems with chromates. 
\«()b reduced to Vjtb, color cliaiiges to blue*, green, lavc'iider aiul fu ally violet. tOj 
or HjS n'duces V 2()8 to Va() 4 . V^t >2 forms vamnlyl salts. 
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gives a brown eolor, or a brown 1o dirty grocMi precipitate with vanadium, an<l violet 
or lavender color or a light green-colored j)recij)itate with chromium, d{‘ix'nding 
UJK)!! the eonc(>ntration of the solutions, llydrogtai jx'ro.xide added to tiu' reduced 
cold acid solutions changes the vanadium blue to reddish brown; the chromium 
green remains unchangecl. 

Detection of Vanadium in Steel. Five grams of the sample are dissolved 
in dilute nitric acid, the nitrous fumes lM)ile(l off, the solution cooled, and an 
excess of sodium bismuthate added. After filtering through an .asbestos filter 
an excess of concentrated ferrous sulplmte solution is added, find the solution 
divided into two equal parts in test-tubes. I’o one jwrtion 10 cc. of hydrogen 
peroxide arc added and to the other 10 cc. of water. If vanadium is present the 
peroxide solution will show a deeper color than the untreated solution. A deep 
red color is produced with high vanadium steels and a brownish-red with low. 
Since titanium also causes this color, it would interfere, if it were not for the 
fact that the color produced with titanium is dcstro 3 ’’od by hjalrofluoric acid and 
fluorides, whereas that of vanadium is not. In prcisence of titanium, .*) cc. of hj'dro- 
fluoric acid are added to the treated sanqile. 

The brown color produced by hj'drogi'ii p('ro.\ide, with vamidiun' solutions, 
will remain in the water i)ort.ion when shaken with ether. The ether laj^r is 
colored a tnansient blue in presence of chromium. 


ESTIMATION 

The nxaterials in which t.he estimation f)f vanadium is desired may bo sur- 
mised from the following facts: Industrial ai>plicat ion. Vanadium is used in 
s|iecial iron and steel allo.vs. It increa.ses the strengtli of steel .as well ,as the 
compression power, without lo.ss of hardnes.s, and increases the resistance to 
abrasion; hence vanadium steels arc used in locomotive and .automobile CA’linders, 
pistons, bushings and in all parts f)f machines subje<’t to j.ar. It is used in high- 
speed tools, vanadium bronzes for gears, trolley wheels, etc. It is used in irulelible 
inks, .and in the form of alkali vanadates and hj'povanadates it seiwcs as a 
mordant for aniline black on silk, for calico ])rinting and like uses. Vanadium 
salts are used in ceramics where .a golden glaze is desired. 

'riu! element occurs wi<lel,v distributed in minute (pumtities. It is found in 
iron ores, hence occurs in bl.ast-furiiata* slags as the o.\ide. Vat > 5 . 'I’he principal 
or<‘s are: 

Patronite, a sulphide of van.adium containing 2.S to .‘{4'^/, Vat).-,, .as.soci.ated with 
p.yrites and carbonaceous matter; the ])rincipal source of vanadium. 

Vanadinitr, (IM)C’l)Pb4(V()4)3, containing <S to VaOt.. 

Cnrnotilc, I\j()- 2 l'() 2 * VaOf.'ilIjO, c<>nf.ains H) to 20% Vath. 

Dc.scloizite, (l’bZn) 2 NVOs, contains 20 to 22' V-th. 

RoKcocUte, a v.anadium mio.a with variable composition. 

Knstynchitc, cont.ains 17 tf) 24'; 

Cuprodrxcloizitc, (PbZnCuljfOIDVth, cont.ains 17 to 22% Vatls. 

Calcwrolharthilc, (ruVa) 2 (t)ri)V() 4 , contains liT to .‘{O';;, Vjt),. 

Vamulinm occurs in ores of cf)pper and lead, it is present in certain clays .and 
basalts, in soda ash, phosphate soda, aiul in some hard coals. 
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Preparation and Solution of the Sample 

In decompositon of the material for analysis the following facts regarding 
the solubility of the metal, its oxides and principal salts, will be helpful: 

Element. The metal is not attacked by aqueous alkalies, but is soluble by 
fusion with potassium or sodium hydroxide, and sodium carbonate containing 
potassium nitrate. It is insoluble in dilute hydrochloric and sulphuric acids. 
It dissolves in concentrated sulphuric acid and in dilute and concentrated nitric 
acid forming blue solutions. 

Oxides. V 20 a is easily soluble in dilute acids, giving a lavender-colored 
solution. 

V 2 O 3 is insoluble in hydrochloric and sulphuric acids, and in alkali solutions. 
It dissolves in hydrofluoric acid, and in nitric acid. 

V 2()4 is easily soluble in acids, forming blue-colored solutions. It dissolves 
in alkali solutions. 

V 2 O& is soluble in acids, alkali hydroxide ond carbonate solutions. Insoluble 
in alcohol and acetic acid. 

Salts. Ammonium meta vanadate, NII^VOs, is slightly soluble in cold water, 
readily soluble in hot water. The presence of ammonium chloride renders the 
salt loss soluble. The vanadates of lead, mercury and silver are difficultly soluble 
in water. 'J^hese are di.ssolved, or are transposed by mineml a(‘ids, the vanadium 
going into solution; i.e., lead vanadate treated with sulphuritt acid precipitates 
lead sulphate and vanadic acid passes into solution. 

General Procedure for Decomposition of Ores. One gram (or more) of the 
finely divitled nuitcrml is placed in a largo platinum crucible together with live 
times its weight of a mixture of sodium carbonate and potassium nitrate 
(Na 2 COa = 10, KN 03 = 1). The jwoduct is heated to fusion over a blast lamp 
and, when molten, about O.fi to 1 gram more of the nitrate added in small por- 
tions. (C’aution —platinum is attacked by KNOj. A large ex<;ess of NaiCOa 
tends to prevent this.) The material should be kept in quiet fusion for ten to 
fifteen minutes, when most of the ores will be completely decomposed. The 
cooled fusioji is extracted with boiling water, whereby the vanadium goes into 
solution. Arsenic, antimony, phosiihorus, molybdonuit,, tungsten and chromium 
pass into solution with the vanadium. These must be removed in the gravimetric 
determination of this (ilement. (Iron remains insoluble in the water extract.) 

Should there be any undecomposed ore, the residue from the water extract 
will be gritty. If this is the case, a second fusion with the above fusion mixture 
should Ik? made. 

Small amounts of occluded vanadium may be recovered from the water-insol- 
uble residue by dissolving this in nitric acid and pouring the solution into a 
lK)iling solution of sodiiun hydroxide. Vanadium remains in solution. 

Vanadium may be determined volumetrically after removal of the hydrogen 
sulphide group, by titration with potassium pennanganate according to the 
procedure given later. I’lie isolation and determination of vanadium by the 
gravimetric procedures arc given in detail later. 

Ores and Material High in Silica. The sample is treated in a platinum dish 
with about ten times its weight of hydrofluoric acid (10 to 50 cc.) and 2 to 5 cc. 
of strong sulphuric acid. The silica is expelled ns SiF 4 and the hydrofluoric acid 
driv'cn off by taking the solution to SO 3 fumes. The residue is extracted with hot 
water containing a little sulphuric acid. Any undissolvcd residue may be brought 



466 


VANADIUM 


into solution by fusion with potassium acid sulphate, KHSO4, and extraction with 
hot water containing a little sulphuric acid. By this treatment the iron passes 
into solution with vanadium. 

Products Low in Silica. Decomposition may be effected by fusion in a nickel 
crucible with sodium peroxide and extraction with water. I'lie water should be 
added cautiously, as the reaction is vigorous. One gram of the finely divided f)re 
is intinmtcly mixed with 3 to 4 grams of Na 202 and 1 gram of the ixtroxide jdaced 
on the charge. The material is then fused as stated.* 

Iron and Steel. 'J'he solution of the sample, isolation of vanadium and its 
volumetric determination are given at the close of the chapter. 

Alloys. These may be d(!composed with nitric acid, or a(iua regui. Th(> 
isolation of vanadium with mercurous nitrate or lead acetjite are given under the 
gravimetric methods. 


SEPARATIONS 

Fusion with sodium carboimte and potassium nitrate and extraction of the 
melt with water effect a separation of v.'uiadium from most of the metals, which 
remain insoluble as c.arbonates or oxides. Arsenic, molybdenum, tungsten, 
chromium and phosphorus, however, p;iss into th<‘ filtrate' with vanadium. 

Removal of Arsenic. This element generally o«‘curs in 'v anadium ores. It 
may be removed when desired, by acidifying the w.afer (*xtra<‘t of tlm fusion with 
sulphuric acid, and after reidueing arsenic with SO 2 , pr(!cij)itating the sulphide, 
AsiS, with H 2 S gas. Vanadium psisses into the filtrate. 

Removal of Molybdenum. 'Fhe procedure is similar to that use'd for arsenic, 
with the exception that the sulphkle of molybdc'iium is best preci])it{ited under 
pressure. The .solution in a pn'ssure fia.sk is treated with J 1 .S. n'ln; flask is 
stopjjered and heated in the steam bath. It is advisable to ressaturate the .solu- 
tion with 1128 before filtering off the sulphide. 

Separation from Phosphoric Acid. In the gravimetric ))rocedur(f phosphorus 
and vansidium are precipitated together as mercuric vaiuidate and phosphate. 
I'he mercury is expelled by heat aiul the oxides and IM)^ weighed. (V.Of, in 
presence of IVb d<»?s rif)t melt as it does in pure form, but only sinters.) The 
oxides are fused with an e<iual weight of sodium carbonjit.e, the juc'lt dissolved 
in vrater, then avddified with sidjvhuric acid and vanailium reduced to the vanatlyl 
condition by gas. The excess of SO. is expelh'd by boiling .‘ind jiassing in 
OO 2 . Phosphoric acid is now precipitated with ammonium molybdate (.'ll) cc. 
of a solution containing 7.5 grams ammonium molybd.ati! dissolved in .500 cc. of 
water and poured into .500 cc. nitric acid— sp. gr. 1 .2) in preseiu’e of a larg<! amount 
of ammonium nitrate and a little free nitric acid. It is advisable to di.ssolve the 
precipitate in ammonia and repnicipitate in pre.sence of additional .'immonium 
molybdate and nitrate !)y acidifying with nitric acid. The cviuh’ahuit P.Os is 
deducted from the weight of the combined oxides, the tlifferenee being due to 
V2O4. 

Notr. V.ana(liuin must be completely reduced to the vanadyl form, ns vanadic acid 
will preei]>itate with ijhoajihoric acid. 

•Direct reduction and titration of vanacliiun in jircscncc of a large accumulation of 
salts leads to erroneous results. The vanadium should be se|mr.ated by precijulafion 
with lead acetate. 
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Separation of Vanadium and Chromium. A volumetric procedure for deter- 
mining vanadium and chromium in the presence of one another is given. If a 
separation is desired the following procedures may bo used: 

A. The solution is acidihod with nitric acid. If hydrochloric acid is present 
it is expelled by taking to near dryness twice with nitric acid, the residue is taken 
up with water and SO 2 gas passetl in to completely reduce the vanadium. This 
solution is poured into a boiling solution of 10% sodiiun hydroxide. After boiling 
a few minutes, the solution is filtej d and the residue washed. The filtrate con- 
tains vanadium, the residue chron um. It is advisable to pour the filtrate into 
additional caustic to remove the small amount of chromium that jmsses into 
the solution. 

Ji. One hundred ec. of the neutral solution is made acid with about 15 cc. of 
glachil a(*(‘ti(! acid and hydrogen jieroxitlci adiled. 'I'he solution is boiled for a few 
minutes, (’hromium is tiicn'by redu<*od to (V-X):!, wlKsreas vanadium appears as 
VjOs. Ix'ad ac<>f.ate will now i)re<-ipitat(^ lead van:idat(‘, the reduced chromium 
rcMiiaining in solution. '^I’lie lead vanadate now tr(*ated with strong sulphuric 
acid is dec<»mposed upon heating. Addition of water precipitates PbS 04 , the 
vaiiadi'u.i remaining in solution. 


GRAVIMETRIC METHODS 

Th(! following procedun's j)n*suppost! th.at vanadium is present in the solution 
as an alkali vaiiatliile, the for.u in which it occurs in Ihe water e.vtract from a 
fusion with sodium carbonate and potassium nitrate, as is described in the method 
of solution of ores containing vanadium, t'hromium, ar.s<‘nic, phosphorus, molyb- 
denum ami tungsten if pn'sent in the ore will lx; found in this solution. 

Mercurous Nitrate Method for Determination of Vanadium — 

Gravimetric ‘ 

Principle. A nearly neutral solution of nuTcurous nitrate precipitates 
vanadium completely from its solutifni. Tlui dried precipitate ignited forms 
the oxide, Vat >6, mercury being volatilizecl. 

Procedure. To the alk.-dine soluti.m or an aliquot portion of the water 
extract from the sodium carbonnte iv>ta.ssium nitrate fusion nearly neutralized with 
nitric acid ^ (the solution should renndn slightly .alkaline) is added drop by drop, 
a nearb’’ neutral solution of itKu-curous nitrate in slight exce.ss of that necessary to 
I)recipit,ate compleb'ly the vanailium present, as may Ih! determined by allowing 
the [)recipitate to s('ttle .and adding a few droi)s more of the reagent. The mixture 
is heatetl to boiling and then jilaced on the water bath or steam plate and the gray- 
colored precipitate allow'cd to settle. The precipitate is washed several times 

1 Method ot lioso. J. W. Mcllor, “A Treatise on Qu.antitatiye Inorganic Analysis.” 

* Should the alkaline solution of the vanadate be made acid, nitrous acid, from 
the nitrate fusion, v ill be lib<?rate<l and caxisc reduction of the vaniulate to the vanadyl 
salt, in wliich f(trn> it is not iire«!ii)itat<>d by iiicnairous nitrate; hence gr«*at care should 
be used in neutralixingthe .alk.aline solution to avoid making it acid. It is a good ]>rac- 
tice to mcjisure tins a*a‘d added, liaving detennined on an aliciuet ])ortion the uinount 
m'cessir.' to add to neutr.ali/.e the solution. 'Phis is readily accoin]>lished when a 
CO I •.•iriti\ely largo sample has laxui i)rei)arcd for analysis and an aliquot ]>urtiun 
t!i' t. 1 jm-d... sis, several determinations beijig made on the same fusion. 
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with water containing a few drops of mercurous nitrate, washing once or twice 
by decantation and finally on the filter paper. The precipitate is dried, then 
ignited in a porcelain crucible in a hood over a Bunsen burner to a red heat. The 
fused red residue is V*0». 

V2()6X0.r)(»04 = V. 


Oravimetric Method of Determining Vanadium by Precipitation 

with Lead Acetate^ 

Principle. From a weakly acetic acid solution, vanadium is quantitatively 
prccipitjited by lead acetate. The i)recipitate is dissolved in nitric acid, load 
removed as a sulphate, and vanadium dotennined in the filtrate by taking to 
dryness and igniting to the oxide, VjOj. 

Procedure. To the alkalme solution or an alicpiot portion obtained by 
extraction of the carbonate fusion of the ore with water, just sufficient amount 
of nitric acid is added to nearly neutralize the alkali present, as in the cjise of 
the method d(iscribed for precipitation of vanadium by mercurous nitrate, and 
then a U)% solution of lead acedate is added in slight excess with continuous 
stirring. The precipitate is allowed to sett hi on the steam bath. The vanadate, 
first appearing orange colonxl, will fade to white upon standing. 1’he lead vana- 
date is filtered and washed free of the excess of lead acetate with wat('r containing 
acetic acid. The precipitate is washed into a iKU’celain dish with a little dilule 
nitric acid, and brought into solution by warming the lead salt with nitric .acid. 
To this, the ash of the incinerated filter is added. Sufficient sul])hiiric acid is 
added to j)recipitate completely the lead, and tin; solution taken to small volume 
on the wat<*r bath and then to SOs fumes, but not to dryne.ss. About 1(K) cc. of 
water are tidch'd and the mixture filteml; lead sulphat(5 will remain upon the filter 
and the vanadium will lx; in .solution. The lead sulphate is waslaul free of 
vanadium (i.e., until the washings no longer give a brown color with hydrogen 
peroxide). 

The filtrate containing all the vanadium is evaix)rated to s tiall volume in the 
porcelain dish, then transferred to a weighed platinum crucible and evaj)f)ratcd 
t-o drym-'ss on the water bath and finally the residue (V 2 () 5 ) heated to a dull red- 
ness over a Bumsen flame. 

V,()»X0.5n()4 = Y. 


Notes. Lead may be separated from the vanailium by ))assing ILS through the 
nitric acid solution, the excess of volatilized by boiling and the liberal <’d .sul))hur 
filtered off. The filtrate is cvaj)oratcd lo drj’ucss and the vanadium ignited ^\ith a 
few drops of nitric acid to the oxide VaOj. 

bead may also be .separated as lead chloride in the presence of alcohol, the solu- 
tion taken to dryness and vanadium oxidized l.y addition of nitric acid atid ignited 
to VV )». 

' Method by Uoscoe, Ann. (fhem. Pharm., Sui)i)leinent 8, 102, 1872. Treadwell and 
Hall, “ Analytical Chemistry,” p. 305. 
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VOLUMETRIC PROCEDURES FOR THE DETERMINATION 

OF VANADIUM 


Reduction of the Vanadate V2O5, to Vanadyl Condition, V2O4, 
and Reoxidation w .h Potassium Permanganate 

Principle. Vanadium in solutinn as a vanadate is reduced to the vanadyl salt 
by HjS or SO,, the excess of the reducing agent expelled and the solution titrated 
with standard KMn04, vanadium being oxidized to its highest form, VgO*. 
Reactions, a. V,0,+S0, = V,04+S0,. b. V,04+0 = V,0t. Hence 


N/10 sol. = 


At. wt. V 
K) 


grams to the liter. 


Procedure. An ali(]uot portion of the solution containing vanadium, as 

0) )tained )jy one of the jirocodures given for the solution of the sample, is taken 
for aiuilysis; dilute sulphuric acid (1 : 1 ) is added to acud reaction and 5 cc. of acid 
per 100 '•c. of solution added in excess. The vanadium content should Ixj not 
over 0.5 gnim V when a tenth normal |)Prnianganate is used for the titration. 
If arsenic or molybdenum is present these may bo removed from the solution by 
pa.ssijig in JI2S. The insoluble sulphides are filtered off and crashed with HjS 
water. I'lie filtrate is boiled down to two-thirds of its volume aTid the sulphur 
fdtered olT. In the absence of memlwrs of the HaS group, this i)ort.if>n of the pro- 
cedure is omit ted. 

Oxidation with KMnOi. The solution containing the vanadium is oxidized 
by i'.dditig, from a burette, tenth normal pota.ssium permanganate to a faint per- 
nraneiit pink. If the solution has been treated with llsS, the vanadium is in the 
vanadyl condition, and the amount of jwnn.anganate required to oxidize the 
solution conii)letely will giv(i a close apimoximab; value for the vanadium present, 
each cc. of N/IO K.Mn()4 Ix-ing ecjuivalent to ().(M)51 gram vanadium. 

Reduction. '^Fhe vanadite is noAV reduced to vanadyl salt by pa.s.sing through 
the acid solution, containing api)roximately free sulphuric acid, a steady stream 
of SOa gas. lieduction ma3' also be acc»»mplished by adding sodium metabisul- 

1) hite, or .sodium sulphite, to the aci<l solution. The excess SO, is now removed 
by boiling (a current of CO, j)a.s.sed into the hot solution will assist in the com- 
plete e.xpulsion of the SO,). 

Note. KMn04 is reduced by SO,. 

Test for Iron. A drop test with potassium ferricyanide, KaFeCCN)*, on a 
white tile will give a blue color in the i»resence of ferrous iron. Since ferrous 
iron will titrate with iK)tassium permanganate, its oxidation is necessary. This 
is accomplished by adding tenth normal pota.ssium dichromatc .solution cau- 
tiously to the cold liquid until no blue color is produced by the sp()t test with 
KjFeCCN), outside indicator. If the sample is sufficiently dilute, the blue color 
of the vanadyl solution will not interfere in getting the point where the iron is 
completely oxidized. Care must be taken not to pass this end-point, otherwise 
Va,04 will also be oxidized and the results will be low. 

Note. The action of the dichroniate is selective to the extent that iron is first 
oxidized and then V2()4. If the amount of iron }»rtisent is large a scjiaration must 
be cfTccted. In case a sodium curl)onate poUissiuin nitrate fusion has been made and 
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vanadium. 1ms boon oxtraofod by wator, iron will not bo ])rosont. A si)Ocial proocduro 
for doterniination of vanadium in stool is i^ivon. 

Potassium Permanganate Titration. X/IO KMn()4 is now oaulioiisly addod 
until a pink oolor, persisting for one inimito, is ol)tainod. During tlie titration 
the solution ohanges from a i)luo oolor to a groon, tln'ii a yollow and finally a faint 
pink. The reaction towards the end is apt to be slow if made in a cold solution. 

Notks. In absence of chromium, it is bettor to make the titration in a hot solu- 
tion, 60 to S0° C., the end-point lieing improved by heat. In case an ox(;oss of ])er- 
manganatc has been added, tlie excess may be tlo(ormin(‘d bv a back titration with 
tenth normal thiosulphate. 'Die solution may bo n'run, it dc*sired, by repeating the 
reduction with S()2 and the titration with K2CV2O7 and KMn()4. 

One cc. X710 KMnOj =0.0051 gram V, or =0.0001 ‘J gram Wle. 

For solutions containing loss than 0.57- vanadium a weaker permanganate reagent 
should be used. A fiftieth normal j)ormanganato solution will be found to be useful 
for materials low in vanadium. 

The author or)tained excellent results by the above procedure on materials con- 
taining small amounts of iron and chromium; with amounts e(|ual to that of vanadium 
present in the solution no interfereme was experienced. The titration with potassium 
1 eni anganate is iradc in <!old s<jlutions if chroiuium is present, as the iicrmanganate 
will oxidize chromium in Init solutions. Potassium permanganate added to samples 
containing chromic salts, and the mixture boiled, will oxidize these quantitatively to 
chromates. This reaction does not take place in cold solutions to any appreciable 
extent during a titration and only slowly in warm solutions. 


Volumetric Determination of Vanadium by Reduction with 

Zinc to VaOa 

The pweeduro proposed by und Kdgiir is to reduce vaiiudic acid, in 

presence of sulpiiuric acid, by zinc to the oxide, V 202 ; oxidation of the unstable 
V»Oa by the air is anticipated by means of ferric chloride or sulphate, in the 
receiver of the Jones i-eductor, the highest degree of reduction Ixnng rogister(‘d 
by the ferrous salt formed by the rcjiction of tlu? reduce*! vanadate on the ferri*; 
salt, i.e., VaOa+SFcaOj =0FeO+V2OB. Compounds reduced by zinc and oxi- 
dized by KMnOa must be absent or alh)wod for. 

Procedure. The Jones reductor is set up as directed in the procedure for the 
detcnnitiatiun of iron by zinc reduction. The receiver attached to the tube con- 
taining the colurrm of zine is charged with a sf)lution of ferric alum in considerable 
excess of that required for the oxidation of the nxlueetl vanadium. (The amal- 
gamated zinc is cleaned by passing through the column, a dilute solution of warm 
sulphuric acid. The final acid washings should show ru) further reducing action 
on permanganate when the reductor is clean.)* Gentle suction is apf)Ii(*d, and 
througli the column of clean anxalgamatcd zinc are jiassed in succession -100 cc. 
of hot water, 100 cc. of 2.5% sulphuric acid, and then the solution of vaniulic 
acid diluted to 25 cc. in a 2.5% sulphuric acid solution, and finally JOO cc. of hot 

* Corrections should be made for the actitm of ziiu; upon the reagt*nts without 
the yanadic acids, as it is almost imjiossitJc to get a condition where no blank is 
obtained with permanganate. The reductor is cleaiu'd first by passing about ritio ec. 
of dilute 2.5% sulphuric acid through the eoluinn (>f zinc. A blank is now obtained 
with the same quantity of reagents as is used in the regular determination, only 
omitting the vanadium, and this is deducted from the titration obtained for each 
sample reduced. 
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water. To the receiver is added a volume of 4 ce. of syrupy phosphoric acid to 
decolorize tlu? solution. The rciducetl iron salt is now titrated with N/10 KMnO«. 

One cc. N/IO KMn 04 =0.0017 gram V, or =0.0030^1 gram V 2 OS. 

Determination of Vanadium in Steel 

The following method is used in analyzing the llureau’s vanadium and chrome- 
vanadium st<;ols. The procedure was worked out by J. R. Cain and L. F. Witmer 
of the U. S. liureau of Standards. 

Five to JO grams of drillings are dissolved in hydrochloric acid (1 : 1), a few 
drops of hydrofluoric are adde(l, ainl the solution is boiled for a few minutes. The 
insoluble matter is filtered off, ignited, fu.sed with a little sodium carbonate, the 
fusion dissolved in water and addend to the main fdtrate. This is then oxidized 
with the minimum amount of nitric acid needed, and boiled till free from fumes. 
'File iron is extracted with ether and the excess of ether removed from the aqueous 
layer by evaporation on the steam bath. After conc(;ntration on the bath, stn)ng 
nitric acid is added to the solution and it is evajHirated to dryness. The resitlue 
is dissolved in strong nitric acid, the solution is diluted with water and nearly 
neutralized with strong sodium hydroxide solution. It is then poured slowly 
into 150 to 2(X) cc. of a 10% sodium hydroxide solution, stirring vigorously. The 
solution is filtered, and the series of operations are repeated with the precipitate 
until it is free from vanadium, as shown by dissolving it in nitric acid and testing 
with hydrogen peroxide. In the latter treatments the amount of sodium hydrox- 
ide solution used may be stmiller. From the combined filtrates the vanadium is 
precipitated with mercurous nitrate solution, after nuiking nearly but not quite 
neutrsil %Wth dilute nitric acid. After settling, the precipitate is collected on paper 
and washed with dilute mercurous nitrate solution. The filter is burned off in 
a platinum crucible and the precipitate ignited till all the mercury is expelled. 
The impure vanadium i)cntoxide left is fused with a little sodium carbonate, the 
fusion is dissolv(}d in water and filtered (on asbestos) from insoluble matter. A 
secfrtid ])recipitation with mercurous nitrate is then made. Sometimes a further 
fusion and precii)itali*)n may be nece.s.sary in or<ler to get a product sufficiently 
pure for the next steq), which is a final fusion with sf)dium carbonate. The fusion 
is dissolved in dilute sulphuric acid and the vanadium is reduced by sulphur 
dioxide gas and titrated against X/oO ixjnnanganate after complete expulsion of 
the excess of reducing agiMit. 


Volumetric Determination of Molybdenum and Vanadium in 

Presence of One Another 

Sulphur dioxide reduces VjOs to ¥ 304 , but does not reduce molybdic acid 
provided the sample contains 1 cc. of free sulphuric acid per 50 cc. of sr>lution and 
not nu)re than 0.2 gram of molybdic acid. Hy means of amalgamated zinc V*Os 
is reduced to VsOx and M0O3 to MoeOj. Upon these two reactions the deter- 
mination is bas(*d according to the i)roccdure worked out by Edgar.^ Details 
of the method are given in the chapter on Molybdenum, page 282. 

* Crahiun, Edgar, Am. Jour. Sci. (4), 25, 332. Gooch, “ Methods in Chemical 
Analysis,” John Wiley & Sons. 
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Volumetric Determination of Vanadium, Arsenic or Antimony 
in Presence of One Another. Edgar’s Method ^ 

Tartaric or oxalic acid reduces VgOs to V.O,, l)ut does not act upon arsenic 
or antimony. On the other hand SOa causes the reduction of all three. There- 
fore if aliquot portions of the solution are taken, one portion being treated with 
tartaric acid and vanadium detennined by titration with iodine, and another 
portion reduced with SO 2 and again titrated with iodine, the difference between 
the two titrations is due to the cc. of reagent reejuired for the oxidation of the 
reduced arsenic or antimony.* 

Reactions. V, 04 +I, 4 -H ,0 - V 20 .-f 2 HI. 

A8,0,+V,04-|-3Ij+3H20-As,0,-|-V*0s+ 6HI. 
Sb,0.+Va04+3l2+3H,0 = SbaO,-!- VaOj+GHI. 

^ Vana^um. One portion is boiled with about 2 grams of tartaric or oxalic 
acid, until the solution turns the characteristic blue of vanadimu tetroxide. After 
cooling, the solution is nearly neutralized with potixssium bicarbonate, and an 
excess of standard iodine solution added. Keutmlization is now completed, 
an excess of bicarbonate added, and after fifteen to thirty minutes the excess 
iodine titrated with standard arsenious acid, starch being used as an indicator. 
This titration measures the vanadium present. 

Arsenic or Antimony. A second portion of the solution is placed in a pres- 
sure fla.sk and acidified wdth sulphuric acid. A strong solution of sulphurous acid 
is adfled, the flask closed and heated for an hour on the steam bath. After cooling, 
the fhusk is opened and the solution transferred to an Erlenmeyer flask and the 
excess of SOj removed by boiling, a current of CXJ 2 being passed through the Ikpiid. 
The cooled solution is treated with bicarbonate, i(Mline addi^d and the titration 
conducted exactly as described for determination of vanadium in the first por- 
tion. The difference betw'een the fii-st titration and the second is a measure of 
the cc. re(iuired for oxidation of arsenic or antimony. 


Determination of Vanadium and Iron in Presence of Each Other 

The solution slightly acidified wdth sulphuric acid is treated with sulphurous 
acid, the excess expelled and the reduced vanadium and iron titrated with stand- 
ard potassium pcmianganafe.* 


10FeO-f.5V2Orf«ir2!^O4-t-4KMnO4=r)Fe2O3-|-.'>V2O4-l-2K2SO4-)-4MnSO4-f-f)H.(). 


The solution is now reduced with zinc in the Jones reductor and again titrated 
with pennanganate,* is reduced by zinc to V 2 O 2 , the sample being cjiught 

‘ G. Edgar, Am. Jour. Sci. (4), 27. 299. 

* Gooch, " Methods of Chemical Analysis.” 

* Graham, Edgar, Ann Jour. Sci., (4), 29, 79. 

See Am. Jour. Sci., (4), 27, 174, also Gooch, ” Mctlaxls in Chemical Analysis,” p. 510, 
for procedure determining iron, chromium and vanadium, in presence of one another. 

* When the color has changed from a bluish-green to greenish-yellow the solution 
is heated to 70 to 80“ C., and the permanganate titration completed in a hot solution. 
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iu ferric alum solution (details for delermiuiiiK of vaiiadiuiu by reduction with 
zinc are given under the volumcdrie methods for this element). 

l()Fe()+5V202+12H2.S0«+SKMn04=r>Feo03+5V206+4K.S()4+SMnS04+12Il20. 

The dilTerence betwetm the two titrations multiplicjd by 0.00450 =vanadic 
acid (VjOi.) originally present. 


lodometric Method for Estimation of Chromic and Vanadic Acids 

in Presence of One Another 

The following procedure developed by lOdgar,* is given by Gooch (“ Methods 
of Chemical Aimlysis ”). 

In carrying out the operation, the alkali salts of the chromic and vanadic acid 
are put into the Voit flask of the di.stillution apparatus shown in the cut, Fig. 71. 

One or 2 grams of potassium bromide are added, the flask is connected with 
the absorption apparatus contain- 
ing a solution of potassium iodide 
made alkaline with sodium car- 
bonate or sodium hydroxide, and 
the whole apparatus is filled with 
hydrogen gas. Fifteen if) 20 cc. 
of concentrated hydrochloric; acid 
are added through the sej)aratory 
funnel and the solution is boiled 
for ten minutes, an interval of 
time found to be enough for the 
c:ompletion of the reduction. A 
slow' current of hydrogc'ii is main- 
tained to avoid back suction of 
the li-juid from the Drexed Ixittle. 

The ap])aratus is disconnectcid, 
the V<»it flask placed in a beaker 
containing cold W'ater, and the 
alkaline solution in (lie absorption 
aiiparatus cooled by running water. The contents of the trap arc washed into 
the DiTxel bottle and the ,soIuti<m th(;rein is made slightly acid with hydro- 
chloric acid. The liberated iodine is titiated w'ith approximately N/IO sodium 
t'hio.sulphate and the color is brought back by a drop or two of N/10 iodine solu- 
tion, after the addition of standi. 

Allvaline potassium iodide is again jibaced in the ahsorption apparatus and the 
latter connected with the Voit flask. The current of hydrogen is turned on and, 
after the air has b(*en expclh'd, tlie apparatus is disconnected momentarily, 1 or 
2 grams of i)ota.ssium iodide are .added to the solution in the Voit flask, and con- 
nections imule again. Through the separatory funnel 10 cc. to 15 ec. of con- 
centrated hydrochloric acid and 3 cc. of syrupy phosphoric aedd are added and 
the .sidutiou in the rcfluclion flask is boiled to a volume of 10 cc. to 12 cc. The 
absorption apparatus is removed and cooled, hydrochloric acid is added and the 
lilierated iodine titrated W'ith approximately N/10 sodium thiosulphate. 

* Graham Edgar, Am. Jour. Sci. (4), 26, 333. 
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''rhe iodine detonnincd in the first titniti<>n eorrosix>nds to a reduction of tin* 
chroinic and vanadic acids according to the eciuatioii 

V.0i.+2Cr0a+SlIlir-V204+Cr.03+413r2+4IIA 

while in the second case the iodine corresponds to a reduction of the vanadium 
tetroxide to trioxide as indicated in the eciuation 


V2O4+2III = v,Oa+i.,+n,o. 

^I'lie second titration, therefore, determines the vanadic acid present, and the 
dilTennice between the first and second furnishes the necessary data for tlie cal 
culatiori of the chromium. 

DETERMINATION OF VANADIUM IN FERRO-VANADIUM 
Standard Methods of the American Vanadium Company * 

J)issolve 0.510 grain of the alloy (100 mesh) in a 250-cc. Injakcjr with 50 cv.. dilute 
sul])hiiriG acid (I : 2) and JO (c incentratcd) nitric acid. If the alloy does not 
decompose, when heated, add a few cc. of hydrofluoric acid. Take down to copious 
white fumes. ^ Cool, add 50 cc. dilute sulphuric acid (1 : 2) and water. Heat until 
all salts are in solution and transfer to a wdiite casserole containing 100 cc. dilute 
sul]'huric acid (1 : 2). Dilute the solution to 400 cc. with if20 and heat to 60° C. 
The solution is ready to titrate. 

Add potassium permanganate until a deep red is obtained. Just discharge the 
red color with ferrous ammonium 8ul])hate. 

Get the neutral point by alternating the permanganate and ferrous ammonium 
sulphate until one dro)) of the ferrous suliihate just discharges the i>ink color. 

Now add N/IO ferrous ammonium sulphate from a burette until the vanadium 
^s reduced and then 3 cc. in excess. 

Titrate the excess of fcrrf)us ammonium sulphate with N/10 potassium bichro- 
wialc, using potassium ferricyanidc as an indicator. 

V rom the cc, of fi^rroiis ammonium sulphate used, subtract the cc. of bichromate 
used, ''i'ho miml>cr of cc. used gives the per cent of vanadium in the alloy. 

''riic relation between ferrous ammonium sulphate and bicrhi-ofnate is established 
l)y adding 150 cc. sulphuric acid (1 : 2) to a casserole, diluting to 400 cc. 

rind the neutral point and then add 25 cc. ferrous ammonium sulphate and titrate 
\\ith bic4iromate until the blue spot is just discharged. 

EXAMPLE 


Fcutous ammonium sulphate used 25 cc. 

l^Jtassium bichromate use<l 24.6 ‘ ‘ 

25 00 
24.60 


. 40 25= -0,016 factor. 


Alloy, 

Ferrous ammonium sul])hate used 40.00 

Totassium hichron ate used 2.40 

40 cc. X “0.016 = .64 cc. 

40. 00 “0.64 =39.36 “ 


Correction on ferrous ammonium sulphate; 


39.3t>-2.4 =36.96% V. 

Solutions used: 

N/10 potassium bichromate. 

N/10 ferrous ammonium sulphate. 

Potassium ferricyanidc, a crystal the size of a pea in 50 cc. of water. 
Potassium permanganate, 5 grams per liter. 


^ Methods developed in the Bridge ville Laboratory. By courtesy of the Aiiu^rican 
Vanadium Company. 
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Determination of Vanadium in Vanadium Ores 

WoiKh 0.51 jjcrani of tho finely ])o\vclorod ore in a IJ-in. clininotor iron cruoihlo 
filk^l three-fourths full of sodium peroxide. Fuse. Dissolve the fusion in water and 
add JOO ee. H‘2S()4 (1 : 2) in exee>s and evaporate until white femes eon o ofT. C^)oi 
and dilute and filler. (Jas the filtrate, whieh should he about 400 e<‘., until all H^S 
metals are preeipitated. lioil and filter. Hoil the filtrate until all IIjS is off. Trans- 
fer to a 50()-c*e. eassen)l(‘ and add 50 ee. H2S<)4 (1 : 2) and heat to above liO® C. Ti- 
trate as in the determination of vanadium in ferro-vanadium. 


Determination of Vanadium in Steel 

Dissolve 5.1 grams of steel in a covered 400-ee. beaker with 00 ec. of TICl (eon- 
eentrated). y\ftcr total solution add concentrated HNOa sufficient for complete 
oxidation. Evaf)oratc to a syrupy consistency, add 40 cc. 11(4 (concentrated) an I 
evaporates to about 20 (;c. Cool and transfer contents to a separatory funnel, wash- 
ing beak(T with dilute HCl (2IIC1 : 1 ITjO). 

Add 100 ce. ether, cork and shake for some time, cooling funnel under tap water 
while shaking. Remove cork, place funned in stand and allow it to stand for at least 
five minutes. Run out the lower layer of the separation into the original 4()0-(!(!. 
beaker. 

P^vaporatc the ctlier off. Cool and oxidize with a few crystals of sodium chlorate. 

Boil off the chlorine. Add 50 cc. of 1 : 2 H2HO4 and evaporate to copious white 
fumes. Cool, oxidize completely with KMnOi (5 grams to the liter), add 40 cc. of 
HCl (concentrated) and evaporate to dense white fumes. Cool, add 40 cc. of water, 
and again take down for the last time to white fumes. Cool, add 150 cc. of water, 
cool, and titrate with N/50 potassium permanganate. Each cc. of t)ermanganate 
used is equal to 0.00102 gram of vanadium, or in this case, having used a 10-factor 
weight, each cc. represents 0.02% vanadium. 


Determination of Vanadium in Steel (When Chromium is present) 

Dissolve 5.1 gran s of steel in a covered 400-cc. beaker with O') ee. of 11(^1 (con- 
centrated). After total solution, add concentrated HNO3 sufficient for complete 
oxidation. Evaporate to a syrupy consistency, add 40 cc. IICl ((joncentrated) and 
evaporate to about 20 cc. Cool and transfer contents to a separatory funnel, washing 
with dilute 11(4 (2 11(4 : 1 1120). Add 100 cc. ether, cork and shake for some time, 
cooling funnel under tap water while shaking. Remove cork, pla(;e funnel in stand 
and allow it to stand for at lca.st five minutes. Run out the lower layer of the sepa- 
ration into the original 400-cc. beaker. 

Evaporate the ether off. Add 5 cc. HNO.i (concentrated) and just bring to a boil, 
Stir out all nitrous fumes, make alkaline with Na(JH (saturated solution). Make 
just acid with UNO.* (com^entrated) eool solution. 

Add above solution to a solution containing .400 cc. cold water and 5 cc. of NaOH 
(saturated solution). Boil and filter, w'ashing with hot water thoroughly. Make 
filtrate just acid with HNO3 (concentrated). Add 40 cc. of a saturated solution of 
lead acetate. (If lead precipitate forms just elrar solution by adding HN(3j drop by 
drop and bring to a boil.) Add 00 ee. of ammonium acetate. Boil for twenty minutes. 
44ie vanadium is pre(?i])itated as lead vanadate. 

Filter the lead vanadate onto a Munktell paper, washing with hot water. Put 
filter containing lead vanadate in a small poreelain dish and burn off paper at a low 
lieat. Add a little HNOa and evaporate on the hot plate, then nut the dish in the 
cold end of a muffle to drive off the remaining IINO3. Avoid baking. Dissolve 
in IICI (concentrated) and transfer the solution to a 400-cc. beaker. A<ld 60 cc. 
dilute H2S()4 (1 : 2). Oxidize thoroughly with KMnOi (5 grams to a liter.) Add 
40 cc. H(.4 (concentrated) and evaporate to dense white fumes. Cool, add 40 cc. 
01 water nnd again take to wliite tumes. Cool, add 1.54 cc. oi’ water, eool, and titrate 
with N/50 KMnO . Each cc. of ^permanganate used is equal to 0.00102 gram of 
vanadium, or in this case, having used a ten-factor weight, each ec. represents 0 02% 
vanadium. 
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Determination of Vanadium in Cupro-vanadiumi Brasses and Bronzes 

Dissolve 1.020 grams of eupro- vanadium in aciua regia. Evaporate to small bulk 
and add exeess of | eroxide of hvdrogen. Dilute to (>()() cv. and add animonia until 
all copper goes into solution, llcat to boiling and add sufficient barium chloride 
solution to precipitate all the vanadium. Boil and filter. Wash all copper out of 
filter with hot ammonia water. Transfer the filter to a beaker, add 100 cc. 1 : 2 sul- 
phuric acid, boil and filter on close filter paper. Titrate the filtrate with N/10 
ferrous ammonium sulphate and N/IO potassium bichromate the same as in the case 
of the ferro alloy, except that this being a two-factor weight, the result must be 
divided by 2. 

Vanaaium copper, brasses and bronzes are treated in the same manner except that 
a ton-factor wei^t is used and the titration carried out with N/50 solution instead 
of N/10. 

The author wishes to acknowledge his indebtedness to Methods in Chemical 
Analysis by F. A. Gk)och for information on volumetric methods of determining 
vanadium. 



ZINC 

F. G. Brkybr.* 

Zn, uUwt. 65 . 37 ; sp.gr. 6.48 to 7 . 19 ; m.p. 419 °; b.p. 920°; ZnO oxide, 

DETECTION 

The finely powdered material, when heated on charcoal in the reducing flame 
of a blowpipe, gives an incrustation, yellow when hot— white when cold. On 
moistening with cobalt nitrate solution and re-igniting, the mass is greenish-yellow. 
Materials containing above 6% Zn will give positive tests. With experience, 
less can be detected, but for smaller amounts the regular procedure as given 
under Titration in Acid Solution, Separating Zn as ZnS, should be followed, 
using samples as follows: For material containing 0.01-0.05%, 10 to 20 grams; 
0.05-0.10%, 6 to 10 grams; 0.10-0.5%, 6 grams; 0.5% on up, 2 grams to 0.6 
gram, depending on per cent of zinc present. 

In cose the material is of interest, only if it carries higher than several per cent 
of zinc, a shorter and easier wet test is to bring the material into solution by 
means of hydrochloric or nitric acid, add bromine water and then precipitate iron, 
aluminum and manganese with ammonia, as given under heading of Deter- 
mination of Zinc in Acid Solution, Separating Iron, Aluminum and Man- 
ganese with Ammonia and Bromine, filter, wash and make the filtrate acid with 
hydrochloric acid, 10 cc. excess added for each 100 cc. of solution, and potassium 
ferrocyanide added. Zinc, if present, gives the characteristic precipitate. Copper 
interferes and if present must be separated with hydrogen sulphide, as given 
under heading Procedure for Copper-boaring Ores. 

In case manganeso and copper are known to be absent, a still shorter test may 
be used: I’o the solution of the zinciferous material add 2 or 3 grams of citric 
acid per 200 cc. solution, then make anunoniacal, add ferrocyanide — a white 
precipitate indicates zinc. 


ESTIMATION 

The determination of zinc is called for in the buying and selling of ores for 
smelters, refuse material, e.g., from galvanizing plants, foundries, brass mills, 
and blast furnaces, in manufacture of brass, white metals, and alloys in general, 
paints and pigments, zinc chloride for preservation purposes, and in the control 
work in smelting of zinc and lead ores. 

Preliminary. The method to be follow'^ed in the estimation of zinc will 
depend largely on the nature of the material in which it occurs, the quantity 
present, and the experience of the analyst. Each of the methods outlined will 
give correct results only on the materials for which they are indicated, there 
being but one method recommended which is applicable to all zinciferous mate- 

*ln Charge of Testing Department, New Jersey Zinc Company (of Pa.), Palmerton, 
Pa. 
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rials. It cannot be emphasized too strongly that each step hu a definite pur- 
pose (which may not be at once apparent to the analyst making only an occa- 
sional zinc determination), and no part of the procedure should be varied or 
omitted, excepting after abundant experience. 

Preparation of Sample 

The representative sample should be ground to pass a 100-mesh screen or 
finer. If the material contains shot metal, it should be screened out and the 
percentage present calculated. It is then treated as given under heading Material 
Containing Metallics, page 482. 

Moisture Determination in the Pulp 

One of the commonest causes of differences in zinc ore analysis is the failure 
to take moisture determinations <)n the pulp sample. 

In order that analyses made on the same pulp at different times and in different 
laboratories may be compared it is absolutely necessary that all determinations he 
corrected to a <lry basis. It is not sufficient that the sample be dried before or 
after having Iwen puljjed, but a sjimplo for moisture must bo weighed out at the 
same time as the sample for analysis, and the anab'tical result corre ted for the 
per cent of moisture found at the time of weighing. This is especially true on 
roasted zinc ores which contain sulphates of zinc, iron and lime and which take up 
moisture quite rapidly under ordinary atmospheric conditions. 

The usual temperature for drying should be 1 10® C., but on special ores, e.g., 
those containing sulphates, it is necessary to dry at 250° C. unless it is first shown 
that there is no loss of water above 110° C. 

The determination is best made by weighing approximately two grams in a 
small glass-stopiKjred weighing tube and drying to constant weight, the weighing 
tube being closed with the glass stopiwr as soon as the tube is taken from the 
drying ov'en. 


SEPARATIONS 

Silica. Kvaporate with hydrochloric acid or take to fumes of sulphuric 
acid. The dehydration with sulphuric acid is complete and gives silica that is 
easily filtered and washed. 

Cadmium, Lead, Arsenic, Antimony, Bismuth and Copper. Aluminum 
may be used to separate all the metals, except cadmium, the latter being only 
imrtially separated. The procedure is as given in the standard method. 

The separation may also be made as follows: Kvaporate the solution of the 
zinciferous material to fumes with 7 c(-. of 1 : 2 sulphuric acid. Coed, take up in 
about .50 cc. of water and warm, add 10 cc. of 10% sodium thiosulphate, boil 
until evolution of sulphur dioxide cejises, then filter. C'admium if present is not 
precipitated. It should be separated by the procedure given under Titration in 
Acid Solution Separating Zinc as Sulphide. 

Iron, Aluminum and Manganese. This separation may be effected by 
precipitation with onmionia aiwl bromine, providing the <iuantities present are 
small. When large amounts are pre,sent the basic acetate procedure is followed, 
or, better, the zinc separated as sulphide in dilute sulphuric acid solution, page 485. 
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Nick6l And Cobslt. When, nickel or cobalt are present, the only safe pro- 
cedure is to separate the zinc as zinc sulphide in dilute sulphuric acid solution, 
as described under the standard method. Weiss has shown conclusively that 
zinc can bo precipitated free from either cobalt or nickel under the conditions 
there outlined. 

METHODS OF ANALYSIS 

I. Gravimetric methods. 

II. Electrolytic methods. 

III. Titration with standard solution of K 4 Fe(CN)#. 

(а) In acid solution. 

(б) In alkaline solution. 

(c) In acid solution, separating Zn as ZnS. (Standard method.) 

GRAVIMETRIC METHODS 
Weighing as Zinc Oxide 

In this case the procedure is the sanie as in tl»c volumetric method, in which 
zinc is separated as zinc sulphide up to |M>int where the zinc sulphide is filtered 
olT and washed. It is now ignited in a weighed crucible and heated to S(K) to 
r.00“ (/. in a muffle for one hour and weighed as ZnO. Factor ZnOx0.8()34 = Zn. 

The precipitate of zinc sulphide may also be filtered on a Gooch crucible, 
and ignited as above. 

Weighing as Sulphate 

The zinc sulphide is dissolved in hydrochloric; a(;id. Sulphuric acid is added 
and the solution evaporated in a weighed crucible, all e.\cess acid fumed off and 
the resulting zinc sulphate finally ignited at a dull red heat and weighed. 
ZnSOiX 0.405 = Zn. 

Electrolytic Methods 

The determination is best madci fnnn an alkaline electrolyte or one slightly 
acid W’ith acetic acid and containing a considerable amount of sodium acetate. 
The alkaline electrolyte tends to give high results, due to the presence of zinc 
oxitle or hj'droxitle in the dciposit. The best results are obtained with a solu- 
tion weakly acid with one of the weaker organic acids. The procedure for the 
acetate electrolyte is as follows; 

The zinc is sepjirated from other elements by precipitating with hydrogen 
sulphide in dilute sulphuric acid solution, as given under the standard method. 
The precipitate is filtered and washed, dissolved in hot hydrochloric acid — 
5 cc. 1 : 1 sulphuric acid added and the whole evaporated to fumes to expel hydro- 
chloric acid. Cool and dilute, neutralize with sodium hydnite solution, make 
slightly alkaline, then acidify with acetic acid, and add about 5 grams of sodium 
acetate. The volume of solution should now be about 100 to 12.5 cc. Elec- 
trolyze with a platinum gauze electrode with 0.5 ampere at 5 volts. 

The electrolytic methods, on account of the special apparatus needed, the 
experience and care necessary to get reliable results, and the un.avoidable errors 
involved in their use, are less desirable than the gravimetric oxide method and 
stiU less desirable than the ferrocyanide method. 
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VOLUMETRIC METHODS 

Titration in Acid Solution, Separating Iron, Aluminum, and 
Manganese with Ammonia and Bromine 

General. This method is especially adapted to material low in silica, alumina, 
iron, and manf^anese. When the f)perator gains ex|xjriefice in manipulation, it is, 
possible to obtain good results on samples higher in these elements, but its hap- 
hazard use with materials high in these impurities is one f)f the chief causes of the 
common inaccuracy of zinc work. If copper or catlmium are present in quanti- 
ties, the titration in acid solution, sepamting Zn as ZnS, is to be preferred for 
accurate work. 

Procedure for Ores. One-half or I gram (depending on the per cent of zinc 
present) is weighed in a 2i)0-cc, beaker, I’ifteen cc. of hydrochloric > acid (sp.gr. 
1 .2) are added, a cover-glass j)ut on, and the ore agitated to prevent caking. Boil 
down to a volume of about .'S cc.* cool, wash down cover-glass and si(l(!s of beaker 
with a jet of water. Atld 10 cc. of saturated bromine water, .5 grams of ammonium 
chloride and 15 cc. of ammonia water (sp.gr. 0.1)0) and boil vigorously for a 
minute or two. Filter off the precipitated hydroxides, and wash four times with 
hot water, containing 50 grams amiuftnium chloride and 25 cc. ammonia per 
liter. The precipitate is now washed from the filter into the beaker in which 
the original precipibitum was made, and the precipitate dissolved in strong 
hydrochloric acid. Ten cc. of ammonia (si).gr. 0.!)) are added, the .solution 
Iwiled, filtered and washed as before, the filtrate Ixung combiiu'd w’ilh the first 
filtrate.* The solution is then diluted to 250 cc., h(*ated to boiling, and 4 drops of 
ammonium sulphide solution added to de.s1roy oxidizing agents • and pre- 
cipitate small amounts of copper and cadmium. The .solution is neutralized 
with hj'drochloric acid, the resolution of the j)recii)itated zinc sulphide serving 
in lieu of an indicator. Ten c<*. excess of concc'iitrated hydrochloric acid are 
added ® and the solution titrated, not Ixslow 75® (’., with s<,and.ard ferrocyanide, 
using uranium nitrate (lO^t, .s<dution)® as an external indicator. 

Standardization of the Ferrocyanide Solution 

The potassium f((rrocyani<le is standardized by weighing out portions of C.P, 
zinc that will give a titration of appn)ximately the same number of cc. as the 
sample. Dissolve in 15 to 20 cc. of hy<lrochloric acid and dilute to about 225 cc. 

* Nitric acid should be added in c.ase of sn1|)hide ores. 

* In case of siliceous ore, it is a<lvisabln (o cva|K)rate to dryness, and on unknown 
material to cva])orato shmly, in order (o make sure of compkUc solution of the zinc. 
Certain siliceous and oxide ores are di(li«-ullly soluble in hy<lrochloric acid, and fre- 
quently cause low results, where ra])id decomposition is the routine. 

* In case of high silica, alumina, iron, ami mang.anese nuiterials, three precipitations 
are necessarj', 

* It is necessarj' to destroy all o.xidizing agents, as they will react with the ferro- 
cj'anidc. 

‘ 'rhe excess of hydrochloric acid should be cjirefully measured. A burette is very 
useful in neutralizing the solution. 

•The strength of the uranium nitrate is a m.attcr of personal preference, some 
using a saturated solution. On the other liand some ])rcrer ammonium molybdate. 
The strength of solution given above, however, is recommended as the first choice 
of a large number of experienced zinc chemists. 
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Then add 37 cc, strong ammonia,^ taking care to avoid spattering, heat to boil- 
ing, add 4 drops of ammonium sulphide, neutralize and add 10 cc. excess hydro- 
chloric acid and titrate. 


General Notes 

The ferrocyanidc is of the same strength as is used in titration in alkaline solu- 
tion. See below. 

The i)recipitate with ammonia carries down zinc. This is esjjecially true with 
siliceous material or jnat(irial high in iron and almnina. By working with hot aiin- 
nioniacal anar onium chloride solution and making two or three precipitations, the 
amount held can usually be mach' negligible. 

The j)roeautionH in n^gard to j. Atling ferrocyaiiide and kee]nng conditions of stand- 
ardization and titration the same, liold here as in all fcTrocyaiiide titrations. 


Titration in Alkaline Solution 

General. This procedure is designed for rapid routine work on roasted or 
oxidized or(Js, especially those high in silica, alu.rina, iron, and manganese. It 
should only be used on uiiroasted sulphides, c')j)per, or high cadmium-boaring 
ores, when tlu' ofx'rator has liad exp(‘rieiic('. It iwh‘signed to give the zinc 
content of inaterials soluble in hydrochloric or nitric acid. For materials con- 
taining insoluble zinc, the titration in acid solution, in which zinc is separated 
as sulf)hid(\ is preferred. 

Procedure for Common Ores. The following method is recommended: 
The weight of ore to \h\ tak(Mi will depend on the approxi :iate amount of zinc 
present. I'or ir.at(‘rial al>()ve take I gram; from 10 to 50%, 2 grams; 

5 to 10^ /, 4 grams; and below 5^^,, 5 to 10 grams. Weigh the sample into a tall 
4()0-cc. beaker, cover with wat(*r and add 25 ec. eonccMit rated hydrochloric acid, 
rotating the beaker to pr(‘V(*iit caking. In case sulphide's are ]>rcsont, nitric acid 
also should be add(*<l. Place on a hot ])Iato or steam bath and evaporate to dryness.* 
\ow add 50 ee. concentrated nitric? acid, cover wiih a watch crystal and boil 
off all nitrous fumes. When thc'so Iiave disappc'ared, e.dd about 3 to 4 grams 
KClOa and l)oil until chlorine funu's do not show.^ Cool, \vfish off the watch 
crystal and sides of the beaker, and dilute to al)oiit JOO cc. Wash into 5(K) cc. 
graduated flask, make up to the mark and shake \vell. Filter through a close 
21-cm. qualitative paper and without waiting for the whole to run through, 
measure out 250 ec. of the clear tilt rate ^ into a (>(X)-cc. Ix'aker. Add ferric nitrate 
solution, if necessary, so as to bring the iron content up to al)out 300 to 400 milli- 
grams, i.e., if only a small amount is present, add 10 cc.; if 10 to 15% is present, 
add 5 cc., and procec'd exactly as under Standardization. 

Procedure for Copper-Bearing Ores. Kither method is recommended: 

Sej7nratio7i of Copper by Ahtmimun. The sample is treated as usiial up to 

’ Tlic amounts of a<?id and ammonia used throughout should be carefully measured, 
so as to keep the amount of ammonium salts approximately the same. This is very 
ini])ortant in order to avoid errors, due to varying blanks. 

* ''J'he temperatiirc of the hot i)lato should not be over 120® C., as ZnCh is afiprc- 
ciably volatile at higher tc'injieratures. 

® Any oxidizing agent su(?h as chlorine or chlorine oxides acts on the ferrocyanide. 

^The graduated flasks should be standardized against one another, i.e., the 500 cc. 
should be twice the volume of the 250 cc. 
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the point where manguncse has been separated and 250 ee. of the clear filtrate 
measured out. Add 25 ce. 1 : 1 sidphuric acid and e^'alM)rale to strong fumes, 
cool, dilute to 100 cc., add a gram or twt) of 20-mesh zinc-free aluminum. Heat 
until all the copper separates, filter, wash and proceed with the filtrate as in the 
regular method. 

Separation of Copper by Hydrogen Sulphide. After separation of the man- 
ganese with chlorate, sulphuric acid is added and the solution iaken to fumes, 
as in above. C(M)1, dilute to 100 cc., and add sulphuric acid .so that 12‘^o is 
present. Warm slightly and pass hydrogen sulphitle through the solution. J'’iIt(T 
off the coppcir sulphide, wash, boil II28 out of the filtrate, and titrate as usual, 
after adding ferric nitrate ajid citric acid. 

Material Containing Cadmium. If the material contains cadmium in 
ciuantitie.s sufficient to warrant separation (0.15% or more), it is best to use the 
titration in acid solution, separating zinc as sulphide. 

Material Containing Carbonaceous Matter. If the matc'rial under examina- 
tion contain.s cnrbonaccou.s matter, coal, etc., it must be separated by taking to 
dryness with hydrochloric acid. Take up in acid and wattT, filter and wash, 
and evaporate the filtrate to dr3me8S. Take up in nitric acid and proceed as in 
the regular method. 

If the carbonaceous material is not removed, the manganese does not sepa- 
rate cleanly, due to the reducing action of carlxmaceous compounds. 

Procedure for Material Containing Metallics. On account of the lack of 
uniformity in the case of metallic zinciferous irnitcrial containing lead and 
iron, it is well to W'ork on large samples. Five or 10 grams of the metallics 
reduced to as fine a size as possible are weighed out and dissolved in nitric 
acid. The nitrous fumes are boiled off aiifl the whole made up to .500 cc. or 
1000 cc. Fifty or IfK) cc. are now piiwttetl off into a (iOO-cc. beaker and the 
zinc titnited as usual. In case tlie metallic poition contains manganese, 
Avhich is unusual, it can be separated by the regular ])rof^edure. t’oijper 
is separated as given under Copjier-bearing Ores. Material containing 
cadmium should be analyzed by other methods, as given under Standard Pro- 
cedure. 

Solutions. Potassium Ferrocyanide. 34.S grams pure salt in 1000 cc. 
water. One cc. = approximately 0.010 Zn. This solution should be allowed to 
stand about four weeks before using. 

Ferri:' Nitrate. One part salt in 6 jjarts w.ater. It is well to adtl a little 
nitric acid to prevent hydrolysis. 

Citric Acid. One part aci<l in 3 parts water. One hundred cc. of nitric aciil 
should be added to eacli liter to prevent mould growth. 

Standardization. 'Phe factor for the standar<l solution varies slightly, 
as wovdd be expected, with tiie amount of forrocj'anidc used, so that it is l)est 
to have at least three .sets of factors, one at 40 cc., one at 20 cc., and one at 
10 cc. 

Weigh out into 0(M)-cc. beakers at le;i.st three jjortions of (M*. zinc (Kahl- 
baurn’s or Merck’s stick, or .f. T. Baker, or Baker & Adamson 20 mesh), for each 
set of factors. W'heii using 20-mesh zinc each sampk; should bo examined 
under a low-power glass, for foreign matter or oxidized partickw. Dissolve the 
metal in about 15 cc. nitric acid, first covering with water. Boil off the nitrous 
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fumes Sind dilute to 2r)0 cc. with distilled water. Add 10 cc. of ferric nitrate solu- 
tion, and 15 cc. citric acid solution, make faintly ammoniaeal, using a piece of 
litmus ])ai)er as indic.at or. Then add a measured (ixcess of ammonia, as follows: 
40 cc. factor, 20 cc. (‘xccss; 20 cc. factor, 10 to 12 cc. cxce.ss; and for low titra- 
tions make only faintly ammouiacal. Heat the solution to a full boil, and titrate 
immediately with the standard ferrocyanido, stirring the solution Ihmoughly 
and adding ferrocyanido not too rapidly. 'Fhe titration is completed when a 
drop of solution gives a bluish-green coloration with a drop of 50% acetic acid 
on a spot plate, 'fo ]irevent passing the eiKl-|>oint, or until the oiwrator is expe- 
rienced, a j)ortion (50 cc.) of the solutuin may bo held back in a small beaker, 
the end-point passed, and the titration conii>leted after adding the part in the 
small beaker. 


General Notes 

A standard zinc solution may be vised in case the end-point is passed. However, 
this is not to be re(;omincndcd ns a usual )>racticu. In any case it should be very 
dilute, so that 1 cc. = 0.001 gram zinc. 

The ferro(;ynnide should be added gradually and the solution stirred constantly, 
to i>rcvcut occlusion of ferrocyanido or zinc solution by the heavy precipitate. 

A moisture sample should be weighed at the same time as tho sample for analysis. 

The variation of factor with amount of zinc titrated is more marked in this method 
than in the titration in acid solution. Hence, it is necessary that standards be run 
covering the whole range of zincs to be titrated. It will be found that the factors 
from 30 to 50 cc. are ahnost the same and from 15 to 30 cc. slightly lower, from 5 to 
15 cc. still lower. 

The zinc used as a standard should be carefully examined for foreign particles 
and oxidized zinc. In <»isc stick zinc is used, tho surface should be snraived clean 
before cutting. Merck’s and luihlbaiun’s stick zinc, os well as Hakcr & Adamson’s, 
Elmer & Amend ’s, or J. T. baker’s powdered zinc answer the purpose as regards 
metallic imivurities. It is desirable to check tho factor by means of a standard 
ore. 

Tho stanthird of the ferrocyanido solution should bo frequently checked, at least 
once everj^ ten days. A solution of such a strength that 1 cc. equals 10 milhgrams of 
zin (5 has in glass a temperature coefficient sufficient to decrease tho factor 0.135 per 
6° C. rise in temperature, so care should be taken that no sharp change of tem- 
peratum occurs between standardization and titration. 

Tim fa«dors in alkaline ami acid solution are not identical. In alkaline solution 
the preeii>itatc closv'ly approaches the nomial ferrocyanidc, while in acid solution 
there is formed a double ferrocyanido of zinc and potassium. 


Standard Method 

Titration in Acid Solution— Separating of Zinc as Sulphide 

General. Tho method of se])aratiiig zinc as sul]>hidc in a solution slightly acid 
with sulphuric acid is of almost universal application, and can be used on any 
class of zinciferous material that has come under the author’s observation. The 
steps fit togv'tber, so that copper and cadmium are easily separated and any zinc 
in tlu; insoluble state, c.g., spinels, etc., can readily be looked for. 'I'he method 
of d(;eomposiiig (taking to fumes of sulidmrie acid) tends to take into solution 
material that would bo overlooked in the rapid decompositions effected in tho 
preceding methods. Moreover, the use of the internal indicator gives a very 
sharp end-point, so that this method is fully as accurate as any gravimetric 
method. The method is more time consuming than the ones already given, but 
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it is not designed for rapid routine work, but rather as a standard procedure 
that will give absolutely reliable results on all classes of ii’ateriul. l-his method 
is also recommended for routiuc work in case the analyst is called on to make 
only occasional zinc analyses. 

Standardization of the Ferrocyanide Solution 

Notk. The standardization of the solution is given first, on account of the 
method of titration. 

Weigh into tall lOO-ce. iMjakers several portions of (\P. zinc, using about 
gram. Clover with water and dissolve in 10 ce. hydrochloric acid (sp.gr. 
1.2). Now add 13 cc. ammonia (sp.gr. 0.9), make acid with hydrochloric acid, 
and add 3 cc. excess. Add 0.03 or 0.04 milligram of ferrous iron in the form of 
a ferrous sulphate solution and dilute to about 200 <‘c. with distilled water. Heat 
to boiling tmd titrate as f«)llows: About on(!-<|uartt‘r of the solution is reserv^sd 
in a small beaker and the ferrocyanide add('d to the main .solution with vigorous 
stirring. The .solution takes on a blue color, which changes to a creamy white 
when an exce.ss of ferrocyanide is added. Now add:i few cc. more and pour in the 
re.servcd portion of zinc solution, excepting about or 10 cc. Add ferrocyanide 
until the end-poiiit Is reached and add about .J- ce, more. The last of the reservotl 
zinc solution is then poured into the main b(‘aker, Avashing (jut the small beakc'r 
with a portion of the main .solution, and the ferrocyanide; added drop by drop 
until the blue color fades sharjily to a t)ca green with one drop of ferrocyanide.' 
This is the end-point. Hopeat until satisfactory standanls arc obtained. 

Procedure. Weigli into a tall 1.50-cc. beaker an amount of samjdc so that 
it gives a titration of about 40 cc., i.e., 5 grams for a 10% ore to ^ gram for OO/o 
ore and over. Moisten with water and .add 10 ce. of hydrochloric acid fsp.gr. 
1.20), cover with a watch-glass. In c.xse of .sul|)hides it is necess.ary to add 
nitric acid. Boil moderately «m .a hot plate for half hour or so. H(;move and 
wa.sh down cover-glass and sides of be.aker, add lOce. of 1 : 1 Il 2 S ()4 and evaponate 
to strong fumes of sulphuric acid. In e.ase of very siliceous material, it is well to 
break up the silica with a glass rod before adding the sulphuric acid. After 
fuming, the solution is eoole<l and diluted tf> 10 to .W cc. and about a gram of 
20-mcsh aluminum added. Ckivcr with a watch crystal and boil until water white 
(almut ten to fifteen minutes). This will reduce the iron .Tiid precipitate all the' 
hydrogen sulphide metals, except cadmimn.® Thu silica and precipitated metals 
arc filtered off and washed with hot -water. 

Add 5cc. of 1 : 1 sulphuric to the filtrate and dilute to 100 cc. Pass a rapid 
stream of hydrogen sulphide through the solution for fifteen minutes. Add 
dilute ammonia, a drop at a time until yellow cadmium sulphide precipitates. 
Then heat the solution to 70 to 90° (k and continue to pa.ss hydrogen sulphide 
for a few minutes. Filter at tjnee thnaigh .a close pajjer previously p,aekod by 
washing with a polysulphide, an .acid and water.® The precipitate is washed Avith 
cold S to 10% sulphuric acid and fin.ally with hot water. The filtrate is boiled 
to remove hydrogen sulphide, cooled, neutralized with potassiutn hydroxide 

* It is only by adding an exa^sn of lerrocyatiide th.at one Ls assim;d of .a precipitate 
of normal coiii])osit ion. 

* Cadmium i.s jiartially j)recii»itatcd, but goes back in solution. 

*All the cadmium is separatetl, excc])t about 0.05%, which does not interfere 
with the titration at the given acidity. 
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solution, and finally potassium carbonate solution, to within an acidity of a 
couple of drops of 20% sulphuric ac*id. Methyl orange is used as an indicator. 
Add from 2 to 4 cc. of />% ‘ sulphuric acul j)cr 1(K) cc. of solution according to 
the amount of zinc imjsent. (Viol thorf)uphly.* A rapid stnjam of hydrogen 
sulphide is now passed through the solution for forty minutes.* Allow the 
preci])i(ate to set lie ten or fifteen minutes, filter and wash with cold water. A 
hole is punched in the filter paper and the .sul])hidc washed back into the beaker 
in which it was preci|>itated. The filter pa]x;r and glass tube are then washed 
with 10 cc. of hydrochloric acid in hot water, catching the wu.shings in the same 
beaker, lioil off the hydrogen sulphide, add J.‘i cc. of ammonia (sp.gr. 0.9), 
neutralize with hydrochloric ac 1, a<ld 3 cc. excess and dilute to 200 cc. Heat 
to boiling and titrate as under Standardization. 'When cadmium is absent or 
pressent in quantities less than O.Oo, the procedure is of course shortened con- 
siderably. 

To Separate Cadmium Electrolytically. After filtering oiT the silica and 
precipitated hydrogen sulpliule metals, add 1 cc. of 1 : 1 sulphuric, acid, dilute 
to 125 cc. and electrolyze with O.S to 1.0 ampere per JOO sq.cm, of electrode sur- 
face for J| hours at 2.95 to 3.05 volks. Proceed with the residual solution as 
above. As in all eloctrol\’tic separalions the current must bo carefully watched. 

Procedture with Material Containing Insoluble Zinc 

Proceed as u.sual up to point whei*e the solution is to be reduced. Filter 
ofT flu* silica and insohibh* maferial, wash with hot water and pn>c(‘ed with the 
fillrat<‘ as usual. Jiurn the insoluble residue in a platinum crucible, taking the 
usual precautions in cas(^ lead is present. Fuinc^ off the .silica with hydrofluoric 
and sulphuric acids and fuse with acid pohissium sulphate. l)is.solve in water 
and sidphuric acid aiul proceed as in the r(*gular method. The solution may be 
a(hlcd t<j the main i)ort.ion or analyzed sej)arately. 


Discussion on Separating Zinc as Zinc Sulphide and Titrating 

in Acid Solution 

Precipitation. T'he incthotl of precipitating zinc as sulphide in sulpnuric 
acid .solution was investigated by (}. Weiss (Inaugund Dissertation, Miinchen, 
19(K)), and the work confinned by the author. 'Phe main points of AV'eiss' paper 
are as follows: 

1. “Sulphate solutions are preferable to chlorides.” A N/10 chloride 
solution is not completely precipitated by H-H. Furthermore, the precipitate of 
sulphide from liCl sfdi.tion when cpiantitativc is not crystalline and easy to 
filter like that obtained from sulphate solution. 

2. “ The concentration of a sulphate solution is without influence on the 
completeness of precipitation from N/IO down. That is for solutions containing 
at most 400 milligrams ZnO per 100 cc.” 

3. “ Sulphate solutions of 400 milligrams ZnO per 100 cc. may be N/lOO acid 
with H2SO4 before lieginning the prccipitatk)n.” Even at acidity N/20 before 

* Bear in mind at this point the acid liberated by the action c.f lIjS in the zinc 
suli)hate. StH! Discus.si()ti below. 

* In ct)ld solution the i)recipitatc is more granular and easier to filter. 

* 'Phe hydrogen sulphide shoidd through at a rate of at least eight bubbles per 
second. 
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precipitation loss than a milligram of zinc remains unprecipitatcd. According 
to Weiss, if the solution were diluted to J 1 (X) cc. 1.3 grams of Il2S()4 could be 
added or OJ cc. of 20% II2SO4, and still have the precipitation complete. h]ven 
if as much as 10 cc. of 20% acid were added the loss would still be only a little 
more than 1 milligram. Precipitating 300 milligrams from 100 cc., however, 
only 100 milligrams or ^ cc. of 20 % acid could be added. This moans that when 
the solution becomes more acid than 550 milligrams of 1 12804 per 100 cc. the 
precipitation of ZnH cetuses. Knowing approxnuatcly the zinc content of a 
solution one can easily cuhMd.ate the JI2S04, freed when the ZiiS()4 is converted 
into ZiiS, and the difference betw'een 550 milligrams and this c.alculated H2S()4 
is the amount of acid that may be added when precipitating from KM) cc. of solu- 
tion. TA>r two hundred cc. of course more acid can be added, being the differ- 
ence between 1.100 grams and the calculated If2S()4 freed from the ZnS04. 
One and one-half times the amount of Zn judged to be present is close enough 
for the 112804 freed. 

4 . “ The precipitation, under the al)ove givem conditions, is incomplete when 
a slow curremt of hydrogem sulphide is us(*d (about four bublies ))er scroud). ( )ne 
must work with as fast a stremu as po.ssible without causing mechanical losses 
(at least eight bubbles jK*r second).” Weiss is the first one to discuss this all- 
im]x>rtant (jucstion in thc^ precipitation of Zn8. Ilis explanation of the ellicacy 
of the rapid stream of IT28 is as follows: 

The precipitation takes i)lace according to the following equation: 

Zn8( >4+1128 !=> Zn8+Il28()4. 

Equilibrium is reached, i.e., the velocity l>ecomes ec|ual in both directions, and 
jirecipitation ceases when the amount of 112804 per 100 cc. rciaches a cc'rtain 
point, undew a given set of conditions. Let thc'se c*onditions rc'inain (‘xactly 
the same with thci exca'ption of the II28 and have (Ik* active mass of that increasecl. 
The ecpiilibriiim will be displaced from Ic'ft' to right Jind as a conseciuencc? Zn8 
will come down in the presence of mccre acid than bc'fore. II28 is not very sol- 
uble in water at room temperature, but if one inerc'ases th<i surface of contact 
betwet*n the two the ILS is dissolved much more rai)idly and consc'cpient ly tlio 
lUiiss of 1 I .S active at any time greatly incr«;ased. This is exactly wluit is accr).n- 
plushed when the zinc solution is constantly kept full of bubbles of II28. One 
can easily sec how greatly increased the mass of 11.8 w'ould be in the extreme 
case, when the solution is all foam. 

5 . “ A strong current of gas, like that <*alled for above, will precipitates the 
usual anuiunts e)f zinc used in analytical ojierations in forty minutes.” 

6. “At temiwratures above . 50 ° the precipitation is incomplete; further- 
more, at room temperature the Zn8 comes down in a form suitable for fdtra- 
tion.” 

Weiss found that not only were the precipitations incomplete at high t.emj>(*ra- 
tures, but the i)recipitate wsis tliK'r and much more difficult to filter. 

7 . “ Water oidy is required for washing the precipitates.” 

End-point. The change of color from blue to pea green is very sharp. It 
should be observed by looking down through the solution and not from the side. 
The change in color nuiy be explained as billows: The feiTocyanid<‘, having stood 
for three or four weeks, has oxidized slightly to ferricy.ani(le, <lue to dissolved 
oxygen in the water. The few tenths of a milligram of ferrous iron addcsl acts 
with this fcrricyanide giving the fcrro-ferricyanidc blue as long as the ferro- 
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cyanide is not in excess. When it is in excess the blue is decomposed and gives 
(lie colorless fcrro-ferricyanido. 

In case the fprroej'anidc solution is freshly prepared, it is well to add about 
300 inilligrams of fcrricyanide to ea<;h liter. 

DETERMINATION OF SMALL AMOUNTS OF ZINC 

The following method is applicable to samples containing 0.05% Zn or less. 

Procedure. A large sample, JO or 20 gnuns, is brought into solution by the 
standard |)n)cedure, taken to fumes of sulphuric acid and the zinc precipitated 
as sulphitk! after st'parating gi ur)s 5 and 6 by the procedures given under 
Standiird Method, filtenid and dissolved in hydrochloric acid. The sample is 
now washed into a 100-cc. Nessler tube, 5 cc. of f(;rrocyanide added and the 
whole made up to llu! mark, mixed by pouring into a beaker and then back into 
the tube. A standard containing the same amemnt of acid is made up and a 
standard zinc chloride sedution adtied until the turbidity of standard and unknown 
are the sanu;. From thi^ amount of zinc added to the standard the percentage 
can be calculated. The sJandard zinc solution is made up by dissolving C.F. 
zinc in h^\’drocldoric acid and diluting so that 1 cc. is equal to 1 milligram of 
zinc. 

SPECIAL METHODS 

Determination of Metallic Zinc in Zinc Dust 

Discussion. lYom time to time, there have been proposed various ntethods 
for determining the metallic content of zinc dust. Most of these are based on the 
measure' of its reducing pnver, for example, tni potassium bichromate, iodatc, ferric 
suli)li!d(; nn<l llie like. However, none of these gives as consistently accurate 
results as the hydrogen evolution method. The apparatus described Iwlow was 
proposed by lYanz Meyer in 1S‘)4, anti the method thoroughly investigated by 
Alorse and Harnes, do Koninck and (Iraiidry. Their conclusions as to its accu- 
racy ha\ e been confirmed by the aut hor. 

'i'he methods bascid on the imjcipitation of a metal, for example, silver from 
a solution of silver c^^anide in potassium cyanide, while they may give informa- 
tion as to the efficiemey of the zinc dust under certain conditions, such as in 
cyanide work, they do not give the metallic zinc content. 

The determination is best made by measuring the volume of hydrogen evolved 
when the sample is treated with dilute sulphuric acid. 

'rhe apparatus, which is similar t(» a nitrometer, consists of a graduated tube 
72 (!m. long, having a bulb at the top capable of holding 200 cc., the total capacity 
of the bulb and tube being 400 cc. The tube is graduated in 0.25 cc. By means 
»)f ground-gliiss joints connection is nuidc with a s|)ecial three-way stop-cock 
and a decomiK)sing flask with a capacity of 350 cc. The stoi)-cock is special 
in that, while it resembles an ordinary three-way cock in every other respect, 
it has an extra hole at right angles to and connecting with the opening leading 
to a lev('litig bottle. Fig. 72 gives a sketch of the apparatus. 

Procedure. One gnim of zinc dust is rapidly weighed and transferred to 
the dry decomposing flask.* Approximately 5 grams of C.P. ferrous sulphate 

* Tlic sample should be weighed rapidly, and the flask bo perfectly dry, on account 
of the ease with which the finely divided zinc oxidizes. 
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and a piece of platinum about 2 cm. s(|uar(; are placed in the flask.* Water is now 
added almost up to the neck, tlie coime<*tion holding; th(! stop-cock is put in 
place and the Ihtsk completely filled with water. I'he conncctiou is now made 
with the measuring tube and the stop-cock turned to position 1 (Mg. 73). By 





means of the leveling bottle the tube is filled with dilute sulphuric acid (1 : 10). 
The stop-cock is now turned to position 2 (Fig. 74). The acid descends into the 
fiask, and the evolved hydrogen passes up into the measuring tube. The appa- 
ratus is shaken from time to time, but care should be taken not to allow a too 
vigorous evolution of gas. 

*The ferrous sulphate and platinum act as catalytic agents, increasing the rate 
of evolution of hydrogen. 
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Whnn all the hydrogen is evolved, which takes from two to twelve hours, 
depending on the composition of the zinc dust,^ the volume is measured, tem- 
perature and pressure taken, and the volume reduced to 0° and 760 mm. The 
volume of hydrogen is calculated to zinc by multiplying by the factor 0.2919 and 
dividing by a factor to correct for the solubility of hydrogen in 1 ; 10 sulphuric 
acid. This factor i.s determined by running samples of C.P. zinc. The sulphuric 
acid can bo saturated with hydrogen before using, in which case the correction 
factor can be made negligible.® 


DETERMINATION OF IMPURITIES IN SPELTER 

LEAD 

Electrolytic Method. The sample is thoroughly mixed on a sheet of 
paper, and pieces showing dLscoloration are discarded.* I'lie pieces are removed 
from the paper by lifting, not pouring. A magnet is passed over the sample to 
remove particles of iron. 

8.643 grams * are weighed into a 250-cc. beaker, about 100 cc. of distilled 
water added, and 40 cc. of concentrated nitric acid added gradually until solu- 
tion is complete. The solution is boiled to expel all nitrous fumes and diluted 
to 200 cc. with distilled water, 4 or 5 drops of 5% silver nitrate added to pre- 
cipitate any traces of chlorine present, and the solution electrolyzed hot. For sam- 
ples low in lead, as high grade,* a current of 0.25 ampere is used, and for inter- 
mediate, brass special and prime western, 0.50 ampere. The anode is made of 
sheet platinum and is sand blasted. It has a surface of 135 sq.cm. A spiral 
of platinum wire is used as a cathode. The time required is from one and one- 
half to two hours. The solutions are tested for lead before shutting off the 
current, by raising the liquid in the beaker, allowing to continue for twenty 
minutes and if there is no fresh deposit, the anode is washed three times with 

* It is a well-known fact that very pure zinc is only slowly dissolved by sulphuric 
acid. 

* If the sample eontains iron in sufTiciont qiiantity to influence the result, a correc- 
tion should be made. 

* The sam])le should be taken by pouring the molten metal into water, thus 
granulating it. or by sawing or drilling the slabs. In this latter case the slabs should 
be sawed or drilled completely through. No lubricant should be used. The sample 
is then washed with water, dried and run under a magnet. 

* This is an empirical factor weigh^ 0.8G6 being the theoretical factor to convert 
the dioxide to lead. See 1C. F. Smith, Electroanalysis. 

* The rejection limits for spelter of the American Society for Testing Materials 
consider four grades as follows: 


Designation. 

Proportion 
of L>cad. 

Proportion 
of Iron. 

Proportion 
of Cadmium. 

Total 

Proportion of 
Impurities. 

A nr hio'h ormrls 

0.07 



0.10 

0.60 

1.20 

np i nt. or media tG 

0.20 


( ) or brass special 

0.76 

0.04 

J) or jirinio western 

1.60 

0.08 





Each grade should be free of aluminum. 
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distilled water, and once wth alccdiol. dried in the air bath at 210“ C. for one- 
half hour and weiKhcd. 

Tluj woi}?ht of 1*1)02 found (in milligrams) div'ided by 100 gives the percentage 
of lead. 

“ Lead Acid *’ Method. Add 1 gram of lead acetate in 300 cc. of water 
to dilute sulphuric? acid (3(K) ec. acid to ISOO cc. of water). Slnike well, allow 
to cool and settle. Filter olT the precipitated lead sulphate. By the use of 
this sulphuric acid saturated with lead, the solubility of lead sulphate nc'cd not 
l)e considered, the solution being brought back to the same concentration each 
time. 

Procedtire. Weigh 10 grams of the sample into a 4(K)-ce. beaker and add 
120 cc, ^)f “ lead ackl.” When all but about 10% of the zinc is dissolvc;d, filter 
and wash with lead acid. Retain the fdtnite. Wash the metallics back into the 
beaker and dissolve in nitric acid. Add 40 cc. of “ l(!ad acid ” and evaporate to 
strong fumes. C%)ol and ad<l cc. f)f water, wliich is the amount evai)orated 
from the “ lead acid,” and heat to boiling. Add the filtrate containing nuKst 
of the zinc and a little lead sulphate, stir anel allow to settle ov(!r night. Filler 
on .a CJooch crucible, wash w'ith lead acid, a mixture of alcohol and water (I : 1), 
finally with alcohol and ignite inskle a porcelain crucible and weigh as lead 
sulphate. 

IRON 

Hydrogen Sulphide Method. Weigh 10 grams of stuuple which has had 
any iiudallic iron particles or iron containing dust removed with a magnet. 
Place in a 2r)0-cc. beaker, and dissolve with fit) cc. concentralc'tl hydrochloric acid, 
bet stand several minutes until violent action has ctviscid, then add about 1 cc. 
potassium chlorate solution (fit) grams per liter), and boil until tin* chlorate is all 
dccompos(>d. Cool, add fit) cc. of water anti neutralize the .solution with ammonia, 
adding a largo excess, boil for two t)r three minutes, allow the precipitate to 
s(‘ttle, lilti'r and wash with lu)t dilute ammonia water and finally with ht)t water. 
Dissolvt! th(! precipitat'd hydroxide of iron info .a Hi-oiuico Frlenme^'er flask, 
using JO cc. dilute sidphuric acid (1 : I). Wash the paper thoroughly with hot 
water, dilute to a volume of about 300 cc. and reduce tlu) iron by p;issing hydn)gen 
sulphide through the solution for five juinute.s, boil to expc'l cxc(!ss t)f hydrogen 
suli)hide, being careful to exclude the air by means of si Ihinsen vsilve. 'I’est 
for hydrogen sulphide with a piece of moistened hssid acetate paper. Cool rsipidly 
and titmte with perinangsinsite, 1 cc, of which is etiusd to opi)roximately 0.0tX)3l 
grsiin of iron. Run a blank diitenuination in order to detsrminc the ainount of 
IKsmiangsinsitc necesssiry to show the j)ink color on titrsition. Standardize the 
Iiermanganate agaiii.st sodium oxalate. (Bureau of Standards.) 

Colorimetric Method 

Solutions. Ammonium Sulphocyanale. One jKirt .salt to 2 parts of w.ater. 

Potaesium Chlorate. One pjirt salt to 20 parts of water. 

Standard Iron Solution I. One to fiO grains of granulated zinc f)f low iron 
content are dissolved in SOO to l(KX) cc. of hydrochloric acid and oxidizi'd with 
potassium chlorate. 'Fhe solution is boiled to expel chlorine fumes, and made 
up to 2fi00 cc. This solution is standardized by me.asuring off fiO-cc. portions, 
corresponding to 10 grams of zinc, and detennining the iron content by the 
hydrogen sulphide method. 
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Standard Iron Solution II. 0.7 gram of ferrous ammonium sulphate is 
dissolved in water, 10 ee. dilute sulphuric acid added, and the iron oxidized with 
jiemianganate. Tlu; solution is now diluted to 1000 cc. One cc. equals 0.0001 
gram iron. 

Procedure. Ten grams of sample are dissolved and oxidized as given under 
the hydrogen sulijhide method. The solution is cooled and diluted to about 
2") cc. and tran.sferretl to a comparison tube,* 2 cc. of the sulphocyanate solution 
are added, and the volume brf)ught up to 100 cc. and mixed by ijouring into the 
beaker and back into the tube. Compare the red color with the color produced 
on adding 2 cc. of stilpluxiyanate to 50 cc. of standard iron solution I,* and 
diluting to 100 cc. Add standard iron solution II until the colors are the same, 
and calcula1(^ the iron present in the unknown. In case the iron is over 0.030, 
it should be iletennined by the hydrog<‘n sulphide method. 

CADMIUM 

Sulphide Method. Twenty-five or .50 grams are weighed in a liter flask, 200 
cc. wat(^r are a<lded followed by 25 cc. of (I : 1) sulphuric acid. (In case of high- 
grade .spelter, add a piece of platinum to .accelerate the .actifui.) Add more .acid 
from time to time, oi*, if the action is too violent, .add water.* When the greater 
part of the zinc is in solution, filter off the metallics, leaving the greater portion 
in the fl.ask, and wash with hot water. Wash the mei, allies o«i the filter paper 
back into the flask, jnld nitric acid .and he.at until .all is in solution, then add 
25 ec. (Ill) suli>huric acid and take down to dense white fumes and c«m»I. Care- 
fully add wat(!r and heat until soluble salts are in solution, allow to cool and lot 
the PbSOi s(‘ttle. I'’il1er and Ava.sh, dilute to 2(M) cc. .and pass hydrogen sulphide 
through the solution fifteen or twenty minutes, then add a few droi).s (4 to ,5) of 
ammonia and ])ass hydrogen sulphicle about ten minutes more. If no precipi- 
tate ap[)ears, add a drop or two more of ammonia and re|)eat in about five min- 
utes. (k)ntinue until .a i)recipitate of ('dS .and ZnS is obtained. Filter, wash 
with cold water, an<l di.ssolvo in (111) hydrochloric acid, wash and add 12 to 1.5 
cc. of 1 : 1 .sulphuric .acid and evaporate to fumes, dilute to 100 cc. and pass 
hydrogen sulphide. Add ammonia as before but not so much at a time. 
Finally, 1 or 2 drops will give .a cle.an yellow precipitate. In c.ase a large amount 
of cadmium is i)resent, a third precipitation is necessary. (This is usually 
desirable in any case.) Filter at once on .a weighed (Jooch, wash with cold 
water, alcohol, carbon bisulphide and alcohol. Dry at 110“, and weigh as 
cadmium sulidiide. 

The cadmium may also be weighed as c.admiutu sulphate or as phosphate. 

Electroljdic Method. The .same procedure is followed as given in the pre- 
ceding method. After the lead sulphaf.e is filtered off, enough water is added 
to mjxke the sulfdiuric acid content 5 to 7%; about 5 grams of potassium sul- 
I)hate are then added and the solution electrolyzed for an hour to an hour and 
a half with 0.20 to 0.35 ami)ere at 2.75 volts at the beginning to 2.95 to 3 

‘Clciir glass test-tubes f in. in dkuuetcr, and holding 110 cc. make good com- 
parison tulK«. 

* The zinc content of (he standard and unknown must be approximately the same. 
(See references, llureau of Staiuhinls Hullclin.) 

* C<arc should be taken that the solution does not proceed too rapidly. The metallics 
should contain about 5% of zinc. 
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volts at the end. The electrode is of plutininn and is coated with cadiuiuni.‘ 
It lisw a surface of 75 sepem. 

The cathode is washed three times with water, dii)|>ed into alcohol and 
burned off carefully, or it may he dipiwd into ether and dried in an oven. 

Discussion. Lead can be moi'e rapidly determined by usiiiK higlu'r cur- 
rents, e.g., up to 5 amperes, by rotating the clectrod»i, or by means of the sole- 
noid of Frary.* However, where a great number of determinations are made, 
the slower electrolysis is to be preferred. 

In cases where only an occasional analysis is made, the lea<l acid method 
should be used. 


Determination of Impurities in Zinc Oxide 

See chapter on analysis of paint pigments, i)age 027. 
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ZIRCONIUM 

11. Stuakt Owens.* 

Zr, at.wt. 00.6; sp.gr, 4.15; m.p. 1700° dbC.; oxides ZrOj* ZKlj. 

DETECTION 

The zirconium having been brought into solution by one of the methods 
outlined below may be distinguished: 

(1) By the addition of .sodium phosphate to a slightly acid solution. A white' 
precipitate which is difficultly soluble in hydrochloric acid is characteristic of 
zirconium. 

(2) By its solution in hydrochloric acid coloring turm.*ric paper orange. 
Titanium, however, colors it brown, and will mask the color due to zirconium, 
when both are present, iK'tice it i.« neces.sary to reduce the titanium by the adtli 
tion of a few pieces of zinc. Reduced titaiuum does not color turmeric paper, but 
it oxidizes rapidly, hence the te.st shoidd be made as quickly as possible. Boric 
acid also produces a yellow color with turmeric paiK;r, but both elements are 
met with in the same sample on very rare occasions otdy. 

(3) From alumina by the solubility of its carbonate in an excess of an alkali 
carbonate. The solution from ammonium carbonate if boil'd precipitates zir- 
conia. 

(4) From glucinum by the in.solubility of its hydroxide in ammonium 
chloride. Cdiicinum hydroxide dissolves readily in the reagent. 

(5) By spectroscopic methods. Zirconium shows linos of greatest intensity 
in the arc spectrum at 4GS7.I), 473!).n, 4772..'), 4S1.').<S, and in the si)ark .spe(*tru.u 
at 3999.1, 4149.4, 4209.4, 4380. l.» 

ESTIMATION 

The detc'rmination of zirconium is n'cjuired in minerals, artificial geir.s, 
incandescent gaslight mantles, firebrick, enamels, glass and various salts of the 
mineral acids. The chief source of zirconium is the mineral zircon (ZrSiOd 
and its valuable modifications as hyacinth. .Zircon contains from CO to C7% 
of ZrOj. 

Preparation and Solution of the Sample 
A. Materials Containing a Large Amount of Silica 

Decomposition by Hydrofluoric Acid, hive giams of the finely powdered 
sample are treated in a largo platinum dish with fiO c(\ JIF and fiO cc. of Jl 2 S() 4 . 
When the violent action has ceased the solution is <;vaporated first on the steam 
bath to expel the HF and then on a sand bath till fumes of SOs are given off. The 

* Research Chemist, New York City. 

* All of these lines are in the visible spectrum. 
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residue is taken up with water. This usually effects complete solution of the 
sample. If, however, an insoluble residue still remains, it is filtered off, washed 
with cold water, ignited in platinum, and fused with 10 parts by weight of potas- 
sium acid sulphate. The cooled fusion is dissolved by boiling with 20% HCl. 
All the zirconium will now bo in solution and may be detennined as detailed 
below. Harium if present will remain insoluble and should be filtered off. 

Notks. Hating the mineral to dull redness and suddenly plunging into cold 
water enables zircon to be easily pulv ized. 

If the KIIS()4 fusion is nxtracteu with dilute HiSOi and l)oiIed, the white basic 
sulphate, .‘lZr()2'S()a, is apt to form and remain in the rtisidue. 


B. General Method for Minerals, Oxides, etc. 

Decomposition by Fusion with an Alkali Carbonate. Two grams of 
the finely pulverized .sam|>te arc fused with 10 granus of NuaCIOa (free of sulphur) 
aiul J gium of KNOa in a largo platinum dish.‘ The molt is taken up in water 
and if manganese is present a few drops of .alcohol are addiul to reduce the man- 
gan.at.0 te the manganous eonditiou. 'I’he solid, ion is filtered and the residue 
washed with dilute NaOM solution. The filtrate then contains all the silica as 
.sodium silicate, while the resitluc contains all the zirconium, barium, etc. The 
residue is dissolved in dilute II2SO4 and the zirconium present determined as 
d(*tailed below. 

C. Other Methods of Decomposition which are Sometimes Used 

Fusion with acid potassium fluoride. 

Fusion wil,h caustic soda and sodium fluoride, 

J3y long boiling with concentrated hydrochloric acid. 

SEPARATIONS 

From Iron bj'^ the vnlatilizaliou of the iron as chloride in the presence of 
strong hydrochloric acid and chlorine at a temperature of 200 to 300° C.* 

From Iron. Zirconium is precipitated free from iron by iflionylhydraziiie.'' 

From Titanium by precipitating the titanium from dilute sulphuric acid 
solution by boiling in the presence of acetic acid.* 

From thorium by precipitation of both metals as oxalates by anunonium 
oxalate and tlien adding an oxce.ss of oxalic acid when the zirconium oxalate 
dissolves completely.® 

From cerium and the iron groups by boiling the hydrochloric acid solu- 
tion with swliutir thiosulphate. The zirconium is precipitated as tluo.su Iphate, 
which may, after filtering and wa.shing, l)0 ignited to the oxide.® 

Tartaric acid prevents the precipitation of zirconium hydroxide. 

‘ A nickel disli should be used in place of platinum if sulphur, lead or i)hosphorus 
is present. 

* llavens and Way, A. ,T. C., (4), 7, 217. 

» Allen, J. A. C). S., 26, 420. 

* Htreit and Franz, J. pr. Chem., 108, 75; Streit and Franz, Zeitsch, anal, chem., 
0, 3S.S. 

® Itoscoc and Sehorlcnimeyer, Vol. II, Part II, p. 276. 

* Ibid., i>. 272. 
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QRAVIMETRIC METHODS FOR THE DETERMINATION OF 

ZIRCONIUM 

Salts of Zirconium 

“ A ” solutions contuiniiii; zirconium are treated with 5 cc. of IT2SO4 and 
evaporated to fumes; taken up with c )ld water and diluted to 400 cc. 

“ B ” dry salts are treated with 5 cc. of II2SO4 and heated to fumes of SO* 
on a sand bath. The residue is taken up with cold water and diluted. 

Minerals, Silicates, etc. 

The sample having been decomposed by one of the metho«ls outlined and 
the zirconiuTii being present in solution as sulphate the liquid is diluted so as to 
contain about 1 % of free H2SO4. 

Determination as Phosphate 

To the acid solution sufficient 11202 is added to oxidize the titanium which 
may be present. ('Flie solution is Cf)lored yellow by ll2()2 when titanium is 
present.) A sufficient (lusintity of ortho-phosphate (as (NH4)2HP04 or Na^Hl’O,) 
is added to precipitate all the zirconium as phosphate (aluminum and iron 
are not precipitated in the presence of free acid). If titanium is present and the 
color bleaches after a time, more H2O2 is added until the color is restored. (Any 
reduced titanium is carried down with the zirconium phosphate.) The precipi- 
tate is filtered off, wtished well with water containing some H2O2, ignitetl and 
weighed as zirconium phosphate, which contains 51 . S% of Zr02. The solution 
.after precipitation sh<}uld be allowed to stand several hours. Traces re(iuire 
ten to fifteen hours, while considerable amounts of zirconium require only from 
thirty minutes to one hour of settling on the steam bath for complete precipi- 
tation- 

Determination as Zirconium Oxide 

With pure salts the zirconium may be precipitated comidetcly as the hydroxide 
by the addition of iimmoni.a, settling and finally igniting and w'cighing .as the 
oxide, ZrO,. 

Determination as Zirconium Oxide in the Presence of Iron Oxide ’ 

The aciucous solution of zirconium and iron free from other metals is treated 
with a slight excess of iunmonia water and then boiled to remove the cxc(tss. 
The precipitated hydroxides are filtered off, washed with water, and dried at 
105 ® C. The filtrate is evaporated to dryness, the residue taken up in hydro- 
chloric acid and the solution again precipitated as before. The combined i)re- 
cipitates which have been dried to constant weight in a porcelain crucible are 
cooled and wx'ighed as Zr02 • The oxides are then ground in a mortar, 

weighed into a platinum crucible and ignited to constant weight in a current 
of hydrogen. Only the iron is reduced to the metallic state, hence data are at 
hand for calculating the percentages of iron and zirconium. 

^ Method of Gutbicr and llfillcr, Zeit. anorg. Chuiu., 32 , 92 . 
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To dctenninc the amount of free acid present in a given solution, an alkaline 
reagent of known strength is required, since acids are most accurately estimated 
by titration. Under certain conditions, not ordy the free acid but also the com- 
bined is determined by titration, e.g., H2S()4 in Al2(S04)3, (see Aluminum), when 
caustic is added to a hot stdution with phenolphthalein as indicator. When an 
eciuivalent amount of (laustic has been added to tlie acid present the solution be- 
comes neutral, a condition spoken of jis the “ end-point,” which is recognized by 
means certain compounds known lus indicators. The accuracy of the results 
depends largely upon the choice of tiie indicator used. 


INDICATORS 


Indicators ans usually dyestuffs, or organic compounds, which impart a 
dilTerent color to an acid solution than to one which is alkaline. This color 
is attributed to a particular aiTang(*nient of atoms in the compound called 
a chromoi)hor. It is thought that the change of color is caused by a slight 
rearrangement of th(i atoms in the molecule, or is due to the fact that in certain 
cases the ions have a dilTc'rent color from the undissociated molecules. A large 
number of indicators are known, but for general puri)oses the following will cover 
the recpiireiuent of aciilimetiy and alkalimetry '-methyl orange, methyl red, 
phenolphthalein, litnuis, iaemoid. 


Indica'x’ok Condition of Solution (Ieneual Use in Tituation 


Methyl orange. 

acids =red 
alkalies = yellow. 

Methyl red. 

As above. 
'Phenolphthalein. 

acids - colorless 
alkalies = red. 


('old solution 
only. 


Cold solution 
only. 

('old solutions. 


Hot solutions. 


Hydrates, carbonatiis, bicarbonates, .sul- 
phides, arsenites, silicates, borates of sodium 
])ota.ssium, ammonium, calcium, magne- 
sium, barium, etc. 

l^^specially adapted for titration of weak 
I lases such as N I bt )I I . 

Alkaline hydrates, the mineral acids, 
organic acids, e.g., oxalic, citric, tartaric, 
acetic. The indicator very sensitive to 
acids and adapted to titration of weak acids 
“ carbonic acid, etc. 

The indicator is seiusitive in hot solu- 
tions to the above. It is generally n.sed in 
hut solutions for titration of acids com- 
bined with comparatively weak bases. 
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Indicator Condition of Solution General Use in Titration 

Cold solutioas. Hydrates of Na, K, NIL, Ca, Ba, etc. 

Silicates and arsenates of Na and K, 
UNO,, H,S 04 , HCl and H^C^O,. 

Hot solutions. In addition to above neutral and acid 
carbonates of K, Na, Mg; the sulphides 
and silicates of Na, K. 

Cold solutions. The alkaline and alkaline earth hydrates, 

the arsenates, borates, mineral acids, many 
salts of mentals which arc acid to litmus ami 
neutral to laemoid, e.g., sulphates and 
chlorides «)f iron, copper and zinc, hence of 
value in determining free acids in their 
presence. 

Hot solutions. In addition to the above, carbonates 
and bicarbonates of K, Na, Ca, Sr, Ba, etc. 

In general, methyl orange, m<*thyl rcul and lacanoid ans es|>ecially sensitive to 
bases, Init not so sensitive to aehls and are not used for weak acids. Phenolplitha- 
lein is es|ieeially sensitive to aci<ls and is of value in titniting w*;ak acids. Litmus 
is commonly used as a test indicator (litmus paper) though with careful prepara- 
tion, it is valuable for general acid ami alkali titration. 

The following table compiled by Thomson, ^ refers to the number of atoms of 
hydrogen displaced by monatomic metals, such as sotiiurn or potassium in solution 
as hydroxides.^ 


Litmus. 

acids = red 
alkalies ==blue. 


Laemoid. 

In alcohol 
acids =rcd 
alkalies = blue. 


Acids 

Nrtmc 

Formula 

■ All'thyl OrariRo 
Cold 

Ph»‘iioI 

Cold 

r)hthal'‘in 

Hot 

Sulphuric 

llaSO, 

*> 

W 

2 

♦> 

Hydrochloric 

H(d 

1 

1 

1 

Nitric 

UNO, 

1 

1 

1 

Thiosulphuric 



2 

•7 

Carbonic 

HAM >3 

0 

1 dil. 

b 

Sulphurous 

H,.S()a 

1 

2 


Ilydrosuljihuric 


0 

1 dil. 

0 

Phosphoric 

H,P(), 

1 

*> 


Arsenic 

HjAsO, 

1 

2 


Arsenious 

H,.\s(), 

.0 I 



Nitrous 

UNO, 

indicator 


1 



destroyed 


j 

Silicic 

Il^SiO, 

0 ' 



Boric 

HaBO, 

0 


!!!! 

Chromic 


1 

’ 2 

2 j 

Oxalic 

Ha(V >4 


2 1 

2 i 

Acetic 

IK’allaOa 


1 


Jhityric 

IK 


1 

.... 1 

Succinic 

II.C'4H.04 


2 

.... j 

Lactic 

IKMLO 3 


1 


Tiirtaric 

HoC,H4(>fl 


2 

j 

.... 1 

Citric 

I IjC 'flUbt 


3 

1 




1 


Litmus 


Cold I Hot 


*> 


2 


1 

1 

2 


1 

1 

2 
0 

b 


0 

1 

0 


b 

0 


2 

1 nearly 
1 nearly 
2 
1 
2 


2 


1 AiuilysLs, Sutton, Tenth Edition, page 44. R. T. Thomson, J.S.C., 
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In general, the acid in the indicator must be weaker than the acid which it is 
required to determine by its means. Methyl-orange, for example, is a fairly strong 
acid, hence it is not used for titration of organic acids as the end reaction is uncer- 
tain; it is not sensitive to carbonic, hydrocyanic, boric, oleic acids; on the 
other hand, phenolphthalein, being an extremely weak acid, is decomposed by 
organic acids, HtCOs, etc., hence is of value in determination of these acids. 

ULTIMATE STANDARDS 

Sulphuric and hydrochloric acids arc generally used as the ultimate standard 
acids. Benzoic acid may also be used. 

Sodium carbonate is the best of the alkali standards. This salt may be pre- 
pared in exceedingly pure form. It is frequently used as the basic material for the 
volumetric standardization of the standard acid. 

Preparation of Pure Sodium Carbonate 

Bicarbonate of Soda made by the Ammonia-Soda process may be obtained in 
exceedingly pure form. The impurities that may bo present are silica, ammonia, 
lime, arsenic, sodium chloride and sodium sulphate. With the exception of silica 
and lime the impurities may be readily removed by washing the bicarbonate of 
soda several times with cold water and decanting off tlic supernatant solution of 
each washing from the difficultly soluble bicarbonate. The washing is continued 
until the material is free from chlorine, as .so<lium chloride is the principal im- 
purity, and its removal leaves an exceedingly pure product. The bicarbonate is 
dried between large filter papers in the hot air oven (100° C.). 

Standard Sodium Carbonate is made from this pure sodiutn bicarbonate by 
heating at 2fK)° C. to 300° C. in an ehsitric oven. If a constant- . 
terniKirature oven is not available a simple' oven may be iinpro- ^ ^ ^ 

visetl by use of a sand bath and a large beaker or a sheet-iron 
cylinder covered at the upper eiul as shown in Fig. 7ii. A ther- 
mometer passing through this shield registers the temperature 
of the material, within a large platinum crucible. This criuable 
rests upon a triangle, so that the bicarbonate is entirely sur- 
rounded by an atmosphere of comparatively even temperature. 

The sodium bicarbonate is converted to the carbonate, (’on- 
stant weight will be obtained in about five or six hours. When 
the material no longer loses weight it is cooled in a desiccator 
and bottled for use, preferably in several small, gla.s.s-stoppered 
bottles. For exceedingly accurate work the material is analyzed 
and allowance made for the impurities that may still remain. 

The error caused by any such impurities is so small that for all 
practical purposes it may be neglected. 

This purified sodium carbonate is the ultimate standard for acidimetric and 
alkalimetric volumetric analysis. 
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PREPARATION OF STANDARD ACID 


Standard Sulphuric Acid 

Fifty-two jK>r cent sitlpliurio acid is iti ociuilibriiun witli tlio avoragc moisture 
present in tin* air of tlie lai)oratory; acid of tins concentration is reeonunended 
for (lie staiulard stock solution.' 

I’ure 5)4 to 1)7% IlaSOi is dilutcH.! with sufficient water so that its gravity is 




Percent Tree SO 3 

Fid. 77. 


1.977 


1.837 

I.0I7 


S 

iD 

o 

•> 

Q. 

in 


Ciravify Oiurts — Sulphuric Acid. 


HiSO^+SHtO HiS04t7H40 HiSO^iSnp HjS04i4H,0 H^Q4f3MeO HjS 04 +)Hi() 

37.7 43.7 52.1 57.6 64.5 73.1 84.5 

Percent 



Fid 7S. Chnrf Sliowiu*? Friv/jiig- and Boi ling-points of Sulphuric Acid of Varying 

CJoncont ration. 

‘ Nincty-thiv(» thousand pounds of sulphuric acid, with ; n : xpos.'d surface of 12i\0 
sq. ft. and depth of 10 in., had dt'crc'ased in strength from SO p ‘r cent to .52.12 per cent 
aftiT standing in a lead pan, protected from the rain, for 42 days (Sept. 9th 
to Oct. 21st, 191t)). .Air was hnhhleil through a two-liter sainyde of this acid for seven 
consecutive days, when the .solution was tevsted and found to contain .52.18 per cent 
il-iSOi. The average teniperatun* of the laboratory was 74° F., the average vapor of 
the air (7 ti'sts) was 0.2228 gram HjO pi‘r standard cuhie foot. The average humidity 
for Septemher and Oetolier was tiS pcT rent; the average temperature t)2° F. ''rhe* 
average humidity for tlie past 88 years was 72 per cent; average temperature 57° F. 
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about 1.4200 (42.7° Ud.). Tlio acid is well iiuxcd and poured into small clean and 
dry glaas-stopi>ered sample bottles of about 200-cc. capacity. The bottles are 
carefully sealed and placed aside for use ns desired. To determine the exact 
strength of this standard acid a portion is standardized against the sodium car- 
bonate, preparctl according to directions given. 

Method of Standardization. Procedure. A catch weight of about 10 grams 
of the acid is weighed out in a weighing b<ittle or 100-cc. beaker (10 cc. = approxi- 
mately 13 grams) and j)Ia«'ed aside for titration. The amount of suli>huric acid in 
the sami:)lc (weight of sample multiplied by per cent divided by 100) is neutralized 
by l.OSOS titnes its weight of sodium carbonate. As an excess of acid is necessary 
to drive out all the carbonic acid the following formula is used -(grams 1I.S04 
— 0.05) X l.OSOS = weight of NaaCOj rc(iuired. 

The req\iired amount of s( .ium carbonate is weighed and transferred to a 
600-cc. Erlemneyer flask and 100 cc. of Avater added. The acid is carefully iH)ured 
into the flask and the rinsings of the w<*ighing bottle or beaker add(>d. The solu- 
tion is boile<l for 1.5 minut(!S to exjx*! CO.. A small filtering funn(‘l inserted in the 
neck of the flask prevents loss during the boiling of the acid and carbonate* mi.xturc. 
The exce.ss of acid is titrated with N/.5 NaOlI, using pheiiolphthalein imlicator, 
the caustic being added dro|) by drop until a faint permanent pink color is obtained. 

(The sulphuric equivjdent to the NaOH atlded) 4- (weight of NaiC().iX0.9252) 
= weight of pure 11.2S04 present in the .sample. 

Notks. COs-frcc water .should ho taken in all titrations Avith phenolphthalcin. 
The indicjvtor <*ontains 1 gram of tlie coni[)ound per liter of i)5% alcohol. One cc. of 
indicator of this st re?igfh is reouire<l for each titration. 

Results should agree to Avithiri 0.0.5''^.. 

'Pin* t<*mf)cratur»' of the aciil should be ol)serve<l at the time of standardization and 
this noted with results on the bottles containing the standiird siitnp1(‘S. The cocflicient 
of ex[)ansion is .ODtUti-f per degree* F. risen in tenip«*r!iluro or .000293 per degree C. per 
cc. of solution. 


Normal Sulphuric acid' contains 19.04.3 grams of TIjSOi j>er liter of solution. 
To mak<! a liter of the normal acid the amount of the .standard acid rc(|uire(l is 

. . , 100 X 49.043 . , , 

calculated by the lormula J • * f , = Si'ams standard acid 

per cent IlabOi m st.'indard 

necessary. 3'he acid is AA'oighed out in a small beaker, a slight cxce.s.s being taken 
(0.1 gram). The acid is Avashed into a lit(*r flask and made to volume. An aiiipiot 
jiortion is standardized against the standard sodium carbonate. The solution 
may now be adjusted to the exact strength requireil. 

Example. 1 If 2.5 cc. of the acid is found to contain 1 .25 grams H2SO4 Ave find the 
amount of dilution retpiircd as folloAvs: 2.5 cc. of N/ 1 11.2804 should contain 1.220075 

25X1 .25 

gnuns, therefore 1.220075 ; 25 :: 1.25 : x, andx =- “2‘7(}075* ^ minus 25 =the 

amount of water required for 25 cc. Total dilution = dilution for 25 multiplied 
by the volume of aiud remaining in the flask divided by 25 = cc. water required 
to make a normal acid solution. 

Fifth normal and tenth normal acids ^ may be prepared by diluting the 
normal acid to five or ten volumes as the case requires. 


Gravimetric Methods. Precipitation as BaS04. Sulphuric acid may be 
standardized by precipitating as J3aS04 according to the procedure given for sul- 
phur. BaS04X0.4202=HjS04. 


* See formula} on page 525. 
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Determination as (NH 4 ) 2 S 04 . To 10 cc. of the acid diluted to 50 cc. in a large 
platinum dish is added NH4OH until the acid is neutralized and a faint odor of 
ammonia is perceptible. The solution is evaporated to dryness on the water bath 
and dried at 100° C. for half an hour. The residue is weighed as (NH 4 ) 2 S 04 . 
(NH4)8SO4X0.7422*gram H*S04. 


Standard Hydrochloric Acid 

This acid is occasionally preferred by chemists to sulphuric acid as a standard. 
At the constant boiling-point, with pre.ssure of 7(>() mm., hydrochloric acid has a 
definite composition of ^>.242% HCl. For every 10 mm. increase in pressure the 
percentage drops .024 and for every 10 mm. decrease in prcissure the percentage 
rises .024% HCU. Advantage is taken of this fact in the preparation of standard 
hydrochloric acid. Strong, pure HCl is distilled, the first 2.') or .‘iO cc. being 
rejected. The distillate is bottled in 2(M)-cc. glass-stoppered bottles and sealed, a 
portion being reserved for .‘ tandardization. The acid is best standardized against 
sodium carbonate, using the formula, Weight of HCl weighed for analysis minus 
0.0.5) X 1 .4.53.‘J = NuiCOs reciuinid. As in casci of Il 2 S ()4 the NajCOj is weighed out, 
placed in an lOrlenmeyer flask with the acid and boiled to exi)el ( ’()«. The exce.ss o'" 
HCl is titrated with standard caustic. N/.5 NaOH =0.0()72S.‘i(> gram H(1 pcir cc. 

I'he e.\act w’eight of NaaCOjXO.OSSl =II(U. To this add IK’l obtained by 
NaOH titration = total HCl in the sample taken. 

The exact amount of IK’l being known, normal acid containing 8().4()S grams 
HCl per liter may be made, and by diluting further, fifth normal aiul tenth normal 
acids obtained.^ 

Gravimetric Determination of Hydrochloric Acid by Precipitation as AgCl. 

Hydrochhuic acid may be standardized by jirecipitation with silva^r nitrate 
solution by the procedure for d«*termiiiation of chlorine. Ag(4X0.2.5H -^HC'l. 
It is advisable to heat th<; .sample, dilutisl to a c<>nv(!uieiit voluim;, and add the 
hot silver nitrate in slight exce.ss of that required by H(’I, the amount of the 
reagent being calculated, c.g., mol. wt. HCl : mol. wt. AgNOariWt. HCl in 
samjde : x. 


Benzoic Acid Standard 

Benzoic acid may be obtained in exceedingly pure form by melting the resub- 
limed acid in a covered platinum dish in a constant-temperature oven, at a tetnptir- 
ature of 140° C. The acid is poured into test-tubes, cooled, and the sticks bottled 
for use. The acid does not take up moisture to any appreciable (ixtent, even 
when exposed to the air for some time, so that it may be weighed without 
danger of absorption of moisture. 

Standard Caustic Solution 

Standard normal sodium hydroxide is made by dissolving approximately 50 
grams of NaOH sticks with 1 to 2 grams of BafOH): in 200 to 300 cc. of water and 

‘ Sec formula; on page 525. 
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diluting to 1000 cc. The caustic is standardized against normal H1SO4, using 
phenolphthalein indicator. The solution is adjusted to the exact strength desired 
by addition of distilled water. 

Note. The addition of Ba(OH)s is 
made^ to precipitate the carbonate in the 
caustic, as this would interfere with titra- 
tions in presence of phenolphthalein. As 
the presence of banum would produce a 
cloudiness with HjSOi it is advisable to 
add only an amoimt sufficient to precipi- 
tate the carbonate. 

STANDARD BURETTES ^ 

For accurate titration of acids or 
alkalies it is advisable to have a titra- 
tion of 75 to 100 cc. Since the straight 
100-cc. burette if graduated to twenti- 
eths of a ee would he too long for con- 
venient handling, the chamber burette 
is used, 'riie chamber located in the 
upper portion of the apparatus holds 
75 cc., the lower portion drawn out into 
a uniform-boro tube is graduated in 
twentieths of a cc. Each tenth of a 
cc. has a mark pas.sing entirely around 
the tube so that there will be no error 
in reading, the eye being held so that 
the mark appears to be a straight line 
dniwn across the tube. The burette is 
encIcKsed in a large tube filled with dis- 
tilled water and carrying a thermom- 
eter. The burette is connected, by 
means of an arm at the base, with a 
reservoir of standard acid. The cuit, 

Fig. 79, shows the apparatus connected 
ready for u.se. 

If vapor is lost from the standard re- 
agents and this replaced by dry air, as 
in the common pra"tice, the solution 
gradually ch<anges in strength. A sim- 
ple and ingenious device, designed by 
II. W. Herig (Gen. Chern. Co.), is shown 
at the top of Fig. 79, whi h overcomes this 
difficulty. The air drawn into the 
reagent bottle is latrificd and stituruted M’ith moisture by passing it through sodium 
hydroxide. A mcTcury valve relieves the pressure if expansion of air in the reagent 
bottle occurs due to rise of temperature. 

’ Tlie chamber burette was designed at the Laurel Hill Laboratory, General Chem- 
ical CumiNUiy. 
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METHODS OF WEIGHING ACIDS 
Dilute Acids Non-VoIatile under Ordinary Conditions 

Dilute acids may bo weighed directly in a beaker, weighing bf)ttle or ordinary 
pipette (see directions given later) by measuring out the approximate amount 
desired. Since a burette reading from 7 .")-cc. to l(M)-cc. sliould be used for this 
work it will be necessary to take such an anumnt of the acid as will leeiuire a 
titration between those extremes. This may be accom|)lished by taking tlie 
specific gravity of the acid and referring to the tal)le for the approximate strength. 
From this the volume necessary may readily be calculated. 

Example. The case will be taken where a 75 -ce. to l(K)-cc. burette is being used 
and the titration is to bo made with normal caustic solution, the acid titrated is 
sulphuric acid. The capacity of the burette is 75 X 0.049 = 3.075 grams H 2 SO 4 to 
100X0.049=4.9 grams H 2 S 04 . (For HCl the capacity would be 2.74 to 3.65 
grams HCl and for HNO* it would be 4.73 to 6.3 gram.*? IlXOa). 

Suppose the sulphuric acid has a sp.gr. of 1.1600. From the table for H 2 SO 4 we 
find that this acid is 22.25% H 2 SO 4 , then 1 cc. contains 1.16X22.25 divided by 
100 =0.2581 gram II 2 SO 4 . Since the capacity of the burette is 3.675 to 4.9 grams 

H 2 SO 4 , we must weigh between to ■ - grams of the acid; to get this we 

should take to - f cc., that is to say, 14.5 to 18.5 cc. of the acid, 

which will weigh 16.8 grams to 21.5 grams. 

Weighing Strong Acids, Fuming or Volatile under Ordinary 

Conditions 


The acid 



Fia. 80. 
Lungc-liay 
Fipette. 


must be confined during weighing ntid until it is nnxed with water 
or standanl caustic. Tin; best forms of ai)paratus include the follow- 
ing: 

Lunge-Ray Pipette. The pipette is shown in Fig. SO. Two 
gla.ss stop-cocks confine the acid in a bulb. The lower part of the 
piliette is protected by a ground-on t<!st-tube. The dry pipette is 
weighed. fk)ck 2 is closet! and 1 opened and a vacuum produced 
in the bulb by applying suction at the upper end f>f pipette and 
closing stop-cock 1 with suction still on. The sample may now be 
drawn into the pipette by immersing the lf)wer end in the sample 
and opening the st.op-cf)ck 2 , the vacuum producing the suction. 
The incre.asetl weight =acid drawn in. The pipette is emptied by 
running the acid under watt;r. 

Dely Weighing Tube.* This ft)rm of weighing tube has proven 
to be of exceptional vxdue, to the busy works-chemist, in the analy- 
sis of oleum ami mixed acids. Both sjMiod and accuracy xirc gained 
by its use. The xipparatus, shown in the cut oh page .507, consists 
of a long gl{is.s tube of small bore, wound in a spiral coil. Fig. 81 . 

'I’he sample of acid is drawn into the weighed coil by applying 
suction through a rubber tube attached to A and drawing in 
the rexjuired amount of acid, a mark, ascertained by a previous run 
being matle, to indicate the point to which the acid is drawn. The 

* J. G. Dcly, Chemist, Gen. Chem. Co. 
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tip B is rarofully wipod off witii tissue pii|)t‘r and ilie tubo and sample 
weiRhod. 'Flic weiRhl of tlie tube do<lucted Rives tlu; woIrIiI of the sample. 

The apparatus is now inclined so that the a<‘id runs back int«> the crook at 
C to a point marked on the wall of the tula*, in order to expel as much air as 
possible from this end. A rubber tube filled 
with water i.s attached to A, the other end 
of the rubber tube beinR connected to a bottk? 
containinR tllstilled water. A Rlass bend, such 
as is used it» rubber-tipped burettes, fittiuR 
snugly in this tube, njRulates the flow of water. 

The Dely tube is now inverted, the tip beinR 
immersed in 150 cc. to 2(H) cc. of distilled 
water in a 4-in. casserole — Fig. <si. By pressing 
gently on the bead, water is slowly admitted 
in the tube, forcing the acid before it. The 
acid and water are separated by a bubble of 
air. Before forcing out the last half-inch of 
acid, the tube connected to the water supply 
is disconnected and the weak acitl fmm the 
casserole drawn back into the Dely tube for 
two or three inches, then again the acid is Dely Weighing 'Fube in Operation, 
ahtiost entirely expelled by water from the 

re.servoir and tluj procedure repeated. This is to absorb the SO 3 gas that invari- 
ably is present in the bubble of air above me.iitioned, which wouhl be lost if 
forced out directly by the water column. In order to facilitate this last step it 
is well to liave a short rubber tube attached to the Dely tube, ami a Rla.ss tip in 
the tube connected with the reservoir of waU*r. 'Fhe aend in the casserole, upon 
washing out the Dtily tube, is titrated with standard caustic according to the 
procetlure for titration of acids. 

The tubo is tlried aftc'r washing with alcohol, followed by ether, b^'^ httating 
on an asbestos mat on a hot plate, dry air b.'ing aspirated through. 



Snake Weighing Tube. The snake tubo is a simple device that imiy be easily 

y madc by an amateur glass-blower. It is made out of a glass tube 
S 10 ins. long, slightly thinner than a lead pencil. C)nc end 
of the tube is drawn out to capillarity. The tube has a double 
bend, as shown in the illustration. It is so maile that it rests 
on the dfrtible bend with the ends inclined upward to prevent the 
outflow of the acid. Fig. 82. 

I'hc tube is driwl with alcohol, ether and air treatment, as in 
}) Dely tube. Aftc^r weighing the empty tube, acid is 

(C flrawn into it by suction through an attached rubber tube. The 

\ capillary end that has dipped into the sample is wiped dry with 
tissue paper. The acid and tube arc weighed and the acid esti- 
inat(id by difference. 

The acitl is run into l.~)() cc. of water in a casserole, the flow 
being regulated by the intlex finger pre.ssed against the larger end 
Fia. 82. of the tube. With careful regulation of the flow, practically no 
Snake Tube, bumping occurs. W'ith a small capillary opening it is not neces- 
sary to place the finger over the larger cntl of the tube as the 
acid flow wiU bo slow. I’he tube should be kept in motion to prevent bumping from 


Fia. 82. 
Snake Tube. 
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ovorhenting any one portion. Kicking back of the acid indicates that the capil- 
lary end of the tube is too large. When the coiit<‘nts of the tube have run r>ut, 
the tul)e is rinsed by sucking up some acid from tlu* casserole and allowing il 
to run out, rejxiating s(*v(*ral times. Suction may be api)lied by means of a 
rubl)er l)ulb attached to the* tube. Tlie acid is now titrated with standard caustic, 
using pl»enolphtlial(‘in indicator. 

Blay-Burkhard Graduated Weighing Burette. This apparatus, desigm^d by V. 

L. Hla.y and W. 1*'.. Hiirkhard, (Jeneral Clami- 
ical (k)m]iany, is used for weighing acids or 
other litpiids. The form for g(*neral use is 
shown in l^'ig. Ki. Hie Inirette is graduated 
ill half cc. divisions, from 0 to 20 cc. An 
apparatus half this size is used for oleum, 
wluTe a 2-cc. sample is suffieieiit for a deter- 
mination. Kor the jHirposc of miming the 
sample uiuk'r w’^ater a capillary tube (7i\ 
Fig. S.‘?) with ground joint, is attaclied to 
the bur(‘lte. 'riiis tube is jilaced in the solu- 
tion during titration. The I urette is pro- 
vided with a glass vented stopper (/I) on 
th(‘ top, and a glass cap for the tip, both 
having ground joints, to prevent escape of 
fumes from the sainpl<‘. 

The iMlitor has modified the apparatus 
by re])lacing tin' fragile cap (A) by a tube 
stopper with capillary vent (see A ', Fig. 8li). 
Th(? vent to the air is opcmc'd or closed by a 
slight t urn of this stopper, liy means of t his 
lube acid may be drawn into the Imrclte 
according to tli(‘ Limge-liay pijx'tte ])ro- 
cedur(‘. With these burettes a man can 
control his work very at^ciirately and save a 
great amount of lime, l)oth in weighing and 
manipulation. 

In the analysis of strong oleum, about 50 grams of neutral (Jlauber salt are 
placed in a casserole containing water, and the fuming acid allowed to flow under 
the undissolved salt. The violent reaction of the acid with water is thus avoided. 
The tube E, Fig. S3, .should be made of fused silica. 

The glass-bulb method is still used for analysis of strong oleum. The acid 
weighed in a scaled tube of known w^oight is mixed with water by breaking the 
bulb in a stoppered bottle containing water, the acid is cooled and titrated as usual. 



Fio. 83.- - Blay-Hiirkliard Graduated 
Weighing Burette. 


Titration of Acids and Alkalies 

In the acid titration the sample is conveniently titrated in a white porcelain 
casserole. This gives a white background that enables the analyst to see the end- 
point. The caustic is run into the acid, to within a few cc. of the end-point, 
rapidly and then cautiously to a faint change of color — faint pink with phenol- 
phthalein or an orange-yellow with methyl-orange. Phenolphthalein is generally 
preferred to acid titrations. COr-free caustic and water should always be used. 
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ANALYSIS OF MURIATIC ACID 

(Commercial Hydrochloric Acid) 

Total Acidity and Hydrochloric Acid 

Tho uS!Ual titration witii standard caustic gives the total acidity, including, 
in addition to hydrochloric acid, nitric and sulphuru; acids which may occur in the 
commercial product, 'fho acidity due to these acids is deducted from the total 
acidity to (ind the actual IK'l in the muriatic acid. 

A catch weight, 10 to 1.5 grams of the acid, is weighed in a weighing bottle, or a 
large .snake tube, or the Holy tube, as in case of oleum analysis, and tho acid allowed 
to mix with water in a casseroh'; methyl-orange indicator is adde«l and the acid 
titrate<l with staiulard normal caustic .solution, the red color fading to a lemon- 
yellow. A fraction of a drop of the alkali will cause the change when the end-point 
has been reached. 

One cc. N/1 NaOlI -0.0;i()47 g. HCl. 

Notk._ Ilydrochlori*! a<‘id may be determirn'd gravimctrically by j>recipitating 
the chloride with silver nitrate — 'H('l + AgN03=AgC'l l-llNOj, or by the volumetric 
methods for the determination of chlorine. See Chlorine. 

Determination of Impurities in Commercial Hydrochloric Acid. 

Free Chlorine 

Five <*e. of tlic acid tire diluted to 10 ec., jthout o ec. of fresh starch solution 
added tind a few drops of .5% K1 .solution together with about 1 ee. of dilute 
HiiS() 4 . A blue color indicates free ehloriue. This color may be matcht'd in a 
IS'ossler tul )0 with a standard. It is possible to determine .0001% chlorine on a 
5-cc. sample. 

Nitric Acid or Nitrates in Hydrochloric Acid 

About .5 cc. of tho hydrochloric acid is cautiomsly added to 75 cc. of 95% 
JlaSO^, the IICl being introduced under the surface of the sulphuric acid. Tlie 
nitric atad may now ho titrated with standard ferrous sulphate l\y the procedure 
for the direct determination of nitric acid and nitrates. (Method of Scott and 
Hownian.) The ferrous .sulphate test for nitric is delictate. Traces of nitric acid 
produce a jiink eolorati«m; larger amounts a reddish brown to dark brown. The 
color is permaiieiit when an excess of ferrous sulphate has been added. See 
page 515. 

Sulphuric Acid and Sulphates in Hydrochloric Acid 

Free IIiS 04 . Fifty cc. of the sample is evaporated in a platinum dish (steam 
bath) to dryness or until the HC"1 luis been expelled. A few drops of water are 
added and the material again taken to dryness (steam bath). The residue is 
taken up with water and titrated with N /10 NaOH, using methyl-orange indica- 
tor. One cc. =0.0049013 gram H 2 SO 4 . 

Total Sulphates. Fifty cc. of the muriatic acid is evaporated to about 5 to 10 cc. 
and then diluted to about 200 cc. and heated to boiling. Total SOs is now precipi- 
tated by adding BaCU solution as in case of determination of total sulphur. The 
precipitated BaSO* includes the free HgSOi and the combined SO). BaSO4X0.4202 
= HaS04. 
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Arsenic in Hydrochloric Acid 

Commercial muriatic acid may contain arsenic. This is best determined by the 
Gutzeit Mctliod given in thitail under Arsenic. 10 cc. of sample is usually suffi- 
cient for this dcterniinatioii. If much arsenic is present the distillation method 
may be followeil, using a 2.5 to oO-cc. sample. The distillate is titrated with stand- 
ard iodine according to procedure given for arscmic by the iodine titration, 
page 89. 

Barium Chloride in Hydrochloric Acid 


Fifty cc. is eva])orated to dryness an<l tlH*ii over a low flame to expel SOj. The 
residue is t.aken up with I cc. of 1 : 1 IK 'I and .50 cc. of water. 1 cc. lljSOi is 
added aiul the precipitated liaSOi filtered off and weigheil. If silica is present 
in the sample its weight should be deducted. BaSO.i X 0.^923 =BaCl 2 . 


Total Solids and Silica 

One hundred cc. of the HCl in a platinum dish is (‘vaporated to tlryness :ind the 
residue ignited and weighed. .5 cc. of IIK is added with a few <lrops of ir..S ()4 
and the solution again (*vaporated and ignited. The first ivcighl —toUil sitfids. 
The loss of weight in the second ignition =SiOi. 


ANALYSIS OF HYDROFLUORIC ACID 

The following constituents — hydroflu«>.silicic sulphuric and sulphurou.s acids — 
commonly occurring with hydrofluoric aci<l, are determined in the analysis, 
along with the hydrofluoric acid, by titration. (Jenerally the acid contains a 
slight residue upon ignition. The titrations are made in presence of KNOs, first 
ice cold, ai\d then completed at SO® C. or more. The cold titration gives the 
hydrofluoric, sulphuric and sulphurous acids and one-third of the hydrofluosilicic 
acid and upon heating the titration gives the remaining two-thirds of the HjSiF*, 
the following reactions taking place. Titration cold, ILSiFs-f 2 KNO 3 =KaSiF» 
-|-2HN03( =i H.jSiF«). The liberated 2HNO3 requires 2NaOH. Titration hot, 
K2SiK4-|-4NaOII =4NaF-|-2KF-|-Si02+2n*0(f ILSiF,). 

The sulphuric acid is determined by titration with NaOH, upon expulsion of 
the accompanying more volatile acids. Sulphurous acid is determined by titration 
with standard iodine. 

Special Apparatus. Chamber burette graduated from 7.5 to 100 cc. in ^ cc. 
as described under the determination of sulphuric acid, oleum, mixed acids, etc. 

Platinum weighing tube. Length about .5 cm., diameter 1.4 cm. 'I'lie tube 
fitted with a platimun cap with a loop top to facilitate removal by means of a 
platinum wire. 

Lead thief for sampling. 

Special Reagents. 

Normal solution of NaOII. 1 cc. = .0-1903 gnim H 2 S 04 . 

N / 10 Iodine solution. 1 cc. =.0041 grsiin ILStls. 

Phenolphthalein indicator, and Starch solution. 
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Details of Procedure. Total Acidity and HydtOftuMiSjaC Atad 

A ™t. li weight of 1 he acid is taken by pouring the arid by ni«iu. '* 
or din etly tr,..n the parafflne iK.ttlo into the p atmtnn 
weiglit being taken as will rc<uui-e a titration of from <•) to 

caustic .solution. (This may be judged by a preliminary run \i tuc approxunaXe 


value is not known.) 

About 10 cc. of a saturated solution of KNO 3 is poured into a large P«‘V"/Iiy 
dish (capacity about 125 cc.), and cInp|M*d ice added. About 50 CC. of N/1 AaUJ 
solution is run in from a burette and throe droiis of tJie strong pjienolphthaleill 
iidded. I’lie jilatinum weighing bottle containing the sample is inverted beneath 
tlie siirf.aee of the eaustie, tlio rover eaiitiouslj'^ removed from tlie bottle by means 
of a hetivy ])1:itiiium wire, so Jis to all<»w the arid to mix very gradually with the, 
standard NaOll (rapid uildition is apt to e.aii.se loss of acid by fumes). Standard 
N/l NaOlI is added from the burette until tlie lii*st permanent jiink eolor is 
obtained. (The eiid-point will be uncortaiii and fading unless tlie .solution is kept 


cold— 0°G.) Tlie 
Tlie dish is luiw 


rc'ading of the burette 


is noted — total 


X/1 NaOIl 
Wt. of sample 


placed on a hot jilate and the solution warmed to about 


80° C. and the titration comiileted with the X/1 XaOJl solution to a permanent 
pink. Additional cc. required divided by weight of sample (See calculation 
at close of procedure.) 


Sulphuric Acid in Hydrofluoric Acid 

About 5 grams of the sample are weighed in the platinum capsule and tran.s- 
ferred to a large platinum dish, the capsule being rinsed out into the di.sh with 
water. Tlie solution is cvaporaletl on the steam bath to small volume (the 
evaporation is assisted by passing a hot current of pure dry air over the sample, 
see procedure for oleum), a few tlrops of water are atlded and the evaporation 
repeated; no odor should be jierceptible, all the hydrofluoric, hydrofluosilicic and 
sulphurous aeid.s being expelled. I'he sulphuric acid i.s cooled, taken up with 
100 cc. of COi-free water, three drops of strong iiluniolphthaloin added and the 
acid titrated with N/l NaOH solution in a 50-cc. Imrtdfe. The cc. titration 
divided by the weight of the sample is noted us C. (See calculations at the 
close of the procedure.) 

Sulphurous Acid in Hydrofluoric Acid 

Ten grams of the sample are weighed in a fared platiuuin capsule with cover 
and washed into a large platinum dish witli about 75 ec. of water. N/10 Iodine 
solution is added to a faint yellow. The end point is made more distinct by addi- 
tion of a little starch solution near the end of the reaction. 

One cc. of X"/10 I =0.0041 g. H2SO3. cc. N/10 I-rwt. of sample =D. 

Calculation of Results. 

Factors. Il3SO*X0.4904=H3SiF,. 

Il2SO«X0.4080=HF. 

One cc. N/10 1=0.0041 g. HjSO*. 
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_ . , . cc. NaOH for total acidity (cold) 

Symboto. A- Weight of ™mpte ' 

^ cc. of N aOir additional for HjSiF* ( hot) 

Wei{?ht of .saini)lo 

NaOH for H-SO* 

Weight of sample 

cc. N /1 0 iodine. 

Weight of sample" 

Formulae for Calculation. If !•]= value of 1 cc. of the standard N/1 caustic 
in terms of H2SO4 then 

Per cent HF = | -C^ XKX0.4()8X 100 -0.2D: 

Per cent H,SiF, =|n X K X0.4<)04 X 100; 

A 

Per cent H4S04«CXKX100; 

Per cent HjSOj *DX0.0041 X 100. 

Residue. This is determined by evaporation of 15 to 20 grams of the acid 
in a platinum dish, and gentle ignition of the dry residue. 

Notks and PiiKCAi TioNs. Wcighiiigs should he made ciuickly in covered ])latinum 
weighing bottles. 

The end-point in the cold titration is the lirsl pink that ]>ersists for 15 scoonds. 

It is advisable to weigh out the sample for the sulphuric acid determination first 
and start the evaporation to facilitate more rapid results. 

Iodine is preferred to ])crmanganutc for titration of as the latter also titrates 

organic mutter that is ai>t to oeeur in the aeitl. 

The residue contains Fc20», AI2O1, CaS04, CaF, Alkalies, etc. 


COMPLETE ANALYSIS OF NITRIC ACID 

The acidity of nitric acid obtained by titration with standard caustic may be 
due not only to HNO3 but to impurities 114804, HC’l and lower oxides of nitrogen, 
hence for extremely ai-curato anah'sis it is es.sential to look for these impurities 
and make allowances accordingly if they ai’o found to be i)resent. Nitric acid may 
be determined directly by titration with ferrous sidphate according to the pro- 
cedure given in detail, page 515; this titration will im'lude combined nitrates as 
well as the free aciti, whereas the titration with caustic includes only free acids. 
In addition to the aljove-mentioncd impurities, commercial nitric acid freciuently 
contains free chhmne, chlorides, chlorates, hidinc, iodides, iodates, silica, and 
susixjnded solids; the last is reportecl as iitsoluhlc residue. In an analysis of 
nitric acid the impurities, which are known to be injurious to the art for which the 
acid is used, are looked for and determined if present. 
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Determination of Total Acidity 

As in ease of nnxod acids and, in fact., all accurate detonuinations of acids with 
caustic, such an amount of the sample should he taken as will require a titration 
within the limits of the standard chamber burette —75 to 1(H) cc. For normal 
caustic this wouki re(|uire 4.72() to (>.3 grams of 100 % HNOj or a fifth or tenth of 
thi amount for N/5 or N/lO NaOII. From the specific gravity of the acid its 
approximate strength can bo obtained by referring to the table for nitric acid and 
calculating th<^ volume and approximate w<*ight retjuired for analysis (see example 
under Methods of Weighing Acids Dilute Acids — \on-Volatile under Ordinary 
Conditions, page 500). 

The a<'id is weighed in a w<‘ighing bottle, or in the Doly tube or Blay-Burk- 
hard pi])ette, if it is a fuming acid. 'The titration is made iti a casserole, the acid 
beirjg mixed with 150 to 200 cc. of (’()> free water and titrated in pre.sence of 
phenolphthalein indicator. (.Methyl-orangj* is <lestroyed by nitrous acid.) The 
total acidity is expressed in terms of ILSO, if (jther aciils are present. 


cc.N /l \a( )1 1 X .0 too 13 X 1 00 
Weight of the sam])le 


= ])er cent IfjSO, (‘(juivalent. 


ir,S04X1.2S5=IIN0,. 


Direct calculation to 1I.\()„ 


cc. N/l .NaOlIXO.Oti.JObSXIOO . 

, - - — per <‘ent IINOa. 

W eight of the sanqile 


Determination of Sulphuric Acid in Nitric Acid 

About 10 grams of the acid are evaporated to dryness on tin? steam bath. The 
re.sidue is taken u|» with about 10 cc. of watc'r and tin' evaporation repeated until 
free from nitric fumes, the residue finally diluted to 100 cc. and the sulphuric acid 
titrated with N/5 NaOlI, using iihenolphthalein or methyl-orange indicator. 
(Iravimetrically the acid may be precipitatc'd from a hot solution as BaS 04 by 
addition of barium chloride reagent according to the method for determining 
sulphur. 

One cc. X/5 N a ()1 1 = 0.001)809 gram H 2 SO 4 . 

BaS()4X0.42t)2 -Il 2 S() 4 . Per cent = l(K) divided by weight of sampleXHjS 04 
obtained. 

Determination of Hydrochloric Acid in Nitric Acid 

A 5- to 50-gram sample is taken, that is to say, a sudicient amount of the acid 
so that a weighable amount of AgC3 maj' be obtained. The sample is nearly 
neutralized with NfLOll (it should be .slightly acid with HNO») and a slight 
excess of silver nitrate reagi'iit added to the hot solution; the mixture is stirred 
thoroughly, then allowed to .settle for one or two hours. The AgCl is filtered 
through a wc'ighed (Jooch crucible containing an asbestos mat, then washed, 
dried and ignited at a low red heat, (fcjcc general method for the determination of 
chlorine.) 

Factors. AgClXO.2174 =C1. AgClX 0.2544 =1101. 

AgC3 X 0.342 1 2 = eijuivalent H 2SO4. I 

Find the per cent IIC3 and the per cent equivalent HaS 04 . 
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Lower Oxides. Determined as Nitrous Acid 

For practical purposes the lower oxides of nitrogen that may be present in 
nitric acid are calculated to NjOi or HNO2. If it is desired to report these as Nj04 
the conversion factor given below may be used. The lower oxides may be obtained 
by titration with standard permanganate, other reducing agents being absent. 
In presence of organic matter titration with standard iodine solution should be 
made. (See general procedure for determination of nitrous acid, etc.) 

It makes but little difference whether the permanganate is added to the sample 
containing nitrite or the sample added to a measured amount of permanganate, 
provided in the first method the titration be made os rapidly as possible to prevent 
oxidation taking pla'^e due to dilution of the sample with water. The end-point 
in the first procedure is quicker and sharper. 

Potassium permanganate oxidizes nitrous acid to nitric acconling to the 
reaction 2KMn04+.'>HN0*-|-3H2S()4 = K2S()4-|-2MnS( )4+.'>l 1 XOj-l-.'JHgO. There- 
fore 1 cc. of N /1 KMnO4=().02.‘i/)l gram UNO* or 0.011) gram N2().i. 

Twenty-five oc. of the acid arc dihite<l in a cassorohi to about 3 (X) cc. with coM 
water, and 25 cc. of dilute II2SO4, 1 : 4 added. The solution is titrated imme- 
diately with N /.5 KMn04, the reagent being added rapidly at first and fimilly 
drop by drop as the end-point is approachecl. ’‘I’he reaction near the end is apt 
to be slow, so that time must be allowe<l for complete oxidation. The tit ration 
is completed when a junk color is obtained, that persists for three minutes. 

cc. N /5 KMn() 4 X 0 .(K) 4702 =gram UNO*. 

100 

The result multiplied by — - = percent. 

wt. sample 

HNO2X 1.0431 = equivalent II2SO4. 

Nitric Acid 

From the total acidity expressed as H2SO4 is subtracted the acidity due to TICI 
and UNO* (lower oxides of nitrogen) expressed in terms of H28O4. The remainder 
is due to nitric acid, in terms of sulphuric acid. 

H2SO4X 1.285 =IIN 03 . 


Determination of Iodine in Nitric Acid 

Fifty cc. of the acid in an lOrlenmeycr flask is neutralized with caustic, the mix- 
ture being cooled in running water during the operation. The solution, poured into 
a .separatory funnel, is made acid with dilute HjS04 and a few drops of 1% solution 
of KNO2 added, followed by about 2.j cc. of 082 or 1X^4. The mixture is shaken 
to extract the free iodine and the C’S* or CX34 drawn off and the extraction repeated 
by addition of KN()2 and ('S2 or (X’b until all the iodine has been extracted. 
Iodine present as iodide is extracted by this method. 'I’o obtain the iodine from 
iodate, II2S water is added and the extraction with addition of NaN02 and CS2 
repeated. 

The combined extracts arc washed in a separatory funnel until free of acid. 
The iodine is now titrated with standard sodium thiosulphate by adding 25 to 
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30 cc. of water together with 5 cc. of 1% sodium bicarbonate solution (10 grams 
NaHCOi iM'f liter+1 cc. HCl). 

One cc. N/10 Na*SjO» =0.01269 gram I. 

Reactions. 

2IIT-f2KN0,+H,S04=K,S04+2H,0+I,+2N0; 

2 Na 8 S* 03 -|-l 2 = 2 NaI+Na 2 S 404 . 


Determination of Free Chlorine in Nitric Acid 

Wlien a current of pure jiir is passed into nitric acid containing free chlorine 
the air i)lows out the chlorine. If air aspirated through a sample of nitric acid is 
j)asse(l through a solution of potassium iodide the free chlorine will displace the 
if>dine. The lil>erate<i iodine may now be titrated with standard sodium thio- 
sulphi’te ‘"id the Ciiuivalent chlorine calculated. 

Total Non-Volatilc Solids 

I'hese may bo determine<l by evaporating a large stimplc of 100 to 200 cc. of 
the nitric acid to dryin*ss. Tiic nwidue is heated gently to expel the last traces 
of nitric acid jind then washed into a platinum dish, again evaporated to dryness 
and ignited to a dull red heat. Tlie residue is due to non-vohitile solids. 


FERROUS SULPHATE METHOD FOR THE DIRECT DETERMI- 
NATION OF NITRIC ACID* 

Although the test for nitric acid by ferrous sulphate in j)resence of strong sul- 
pliuric acid lias long been known, the reagent lais not been used for an accurate 
(juantitative method until F. C. Bowman and W. W. Scott, General Chemical 
Company, tleveloped tlio procedure herein given. Nitric acitl may be determined 
c|uantitatively in arsenic acid by titration with ferrous suljihate containing free 
sulphuric acid. The method is also a^iplicable to the determination of nitric acid 
in phosphoric acid anti in sulphuric acid, int'hiding oleums and rnixtH:! acids. 
'I’lie reaction in phosphoric acitl anil arsenic acitl goes further than it does in 
.sulphuric acid. The folltiwing etiuations represent the reactions taking place: 

Beaetion in Arsenic or Phtisphoric Acitls: 

r)FeS()4-t-21IN(bH-3Il2S04=.3Fe2(,S04)3+2N0+4H20. 

Reaction in Sul])huric Acitl: 

4FcS()4+2nN( ):,+2Fr,S04 = 2 Fe 2 (S 04)3 + N^O^+SILO. 

Oxidizing agents such as tihlorates, iodates, brtimattis, etc., interfere, owing to 
their oxidizing actitm tin ferrtms sulphate, hence these shoultl be absent from the 
sample or allowance matle, if appreciable amtiunts are present. NaCl up to 
.002 gram tltitis ntit interfere; larger umtniuts tentl to lower results. KI and KBr 
react in a similar manner to NaCl, 0.002 gram causing no interference. KNOj 

'■ The Jour. Ind. Eng. Chem., 7, 766, 1916. 
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present in amounts up to 60% of the HNOs does not interfere. The sample 
should not contain over 25% water, nor should the temperature exceed 60° 
during titration. 0.1 to 0.8 gram IINOg are accurately titrated, in sulphuric acid. 

Special Reagents Required. Standard Ferroun Sulphate. 

A. Reagent to be Used in Titration of Nitric Acid in Sulphuric Acidt 
Oleum, etc. 176,5 grams of FeS04 ‘71120 are dissolved in about 400 cc. of water, 
and 600 cc. of about 60% H2SO4 (1 vol. 60° B5. acid per 1 vol. H2O) are added 
with constant stirring, and the solution (cooled if necessary) made up to 1000 cc. 
1 cc. will be equivalent to 0.02 ± gram UNO*, the exact value being determined by 
standardization. 

B. Reagent for Titration of Nitric in Phosphoric or Arsenic Acid. Fer> 
rous sulphate to be used, should be in.adc up as follows: 264.7 grams of FCSO4. 
7H2() is dissolved in 500 cc. of water, 50 cc. of 6()° ii5. n2S04 (03.2%), added and 
the solution matie up to 1000 cc. 1 cc. will bo eipial to approximately 0,02 gram 
HNOj. The exact strength is ascertaiiMnl by titrating a known amount 'of nitric 
acid in phosphoric or arsenic acid upon wanning to 40° or 50° C. 

Standard Nitric Acid. The acid should conlain about 40 grams of HNOa 
(100%) per liter of solution, e.g., 41 cc. of the desk reagent (sp.gr. 1.42) fwr litter 
will give the strength de.sired, the exact value being detennined by titration of the 
acid against standard caustic. 

Potassium Dichromate, N/2 K.Cr-iOt Solution. 'I’he exact value in terms 
of iron should be known. 

Standardization of Ferrous Sulphate Reagent 

1. Titration against standard nitric acid. 

A. Reagent to be Used tor Determination of Nitric in Sulphuric Acid, 

10 CC. of the stjUKhinl IlXOa -O. Irfc (the exact amount havin^i; been ascer- 
tained), is run into 100 cc. of Be. (0;h2V^O H2S()4, free from oxidizing adonis 
(HNOa, etc.) ami the resulting mixture titrated with tlie slrimlard F(^S()4 solution 
according to tlie directions givt'u under the Cleneral I’rocedure for determining 
HNOa in HaS()4, page 517. 

Weight of HNOa taken dividt'd by cc. of FeS04 minus 0.2 cc. '=grams HNOa 
cc. FCSO4. 

Bs Standardization of the Reagent Used in the Determination of Nitric in 
Arsenic and Phosphoric Acids. 10 cc. of the standard HNOa=0.4rt gram (the 
exact amount having lieen asc(‘rtained) is run into 100 cc. of H.fAs04, or H.iP04, 
according to tlie product to be titrated, the mixture Avarmed and titratc'd ac- 
cording to directions given und(*r IVocedure for determination of HNO3 in arsenic 
or phosphoric a(?id. 

Weight of IINOa taken, divided by cc. FeS04 = grams IINO3 per cc. FeS04. 

2. Standardizing Ferrous Sulphate with Standard Potassium Dichromate. 

As Reagent to be Used in Determinalitm 0/ Nitric in Sulphuric Acid. 

25 cc. of N/2 KaCVaOz (or 125 c(!. N/IO K/^iaO?), an‘ accurately measured out 

'An excess of 0.2 cc. FeSO-i is rc'cpurc'd to ])roduce tlie dc'sirc'd ci>lor rciu^tion in 
100 cc. of ])ure 1I2S()4. A InrgcT blank is frcfjuently requireil, as 1 1 NO., occurs as an 
impurity in H2S()4. 100 cc. should 1)C tested for UNO., and, if present, tlie Idank sub- 

Btitutetl for the c^oristant 0.2 cc. The burette should be allowed to drain three minutes 
before taking the reading. 
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into a 250-cc. beaker and the solution titrated with the FeS 04 reagent, until the 
first fraction of a drop of excess produces a blue color with potassium ferricyanide 
indicator on a spot plate. Usually between 19 to 20 cc. are required. The iron 
value of the dichromate multiplied by 0.6543= gram HNOt for the total cc. of 
Fe 804 required in the titration. 

Calculation. 

Since N /2 K^Cr^Oy =0.024517 gram salt, 1 gram KiCrjCh* 1.13882 Fe, there- 
fore 25 cc. =0.024517X1.13882X 0.5643X 25 = 0.3939 gram HNOa equivalent. 

0.3939 divided by cc. FeS 04 required in the titration = grams HNO* equiv- 
alent per cc. 

B. Reagent to be Used in Determination of HNOt in HiAsO* or HtPOt. 38 
cc. of KaCr^Or solution are titrated with FcS ()4 according to directions given in 
“ A ”. The Fe value multiplied by 0.3762 =gram HNOa. 

Calculation. 3S cc. of KaCraOr =0.024517X 1 .13882 X0.3762 X38 =0.3991 gram 
IINOa o<iuivaU'nt. 0.3991 divided by cc. FeS 04 required in the titration = grams 
HNOa equivalent per c.c. 

Factors. 

KaCraO? to Fe = 1.13882, reciprocal =0.8781. 

2Fo to JlNOa = 0..'j013, rccip. = 1.7722. 3Fe to HNO3=0.3762, recip. =2.6582. 

HNOa to 2FoS04.7H-.0 = 8.82.35 rneij). — 0.1 133. 

HNOa to 3FeS04.7IIa0 = 13.2.348, recip. =0.07.350. 

Kjt-r.O? to llNO3 = 0.(i426, reeij). = 1.5.362. n’itnition of A reagent.) 

KaCraOr to UNO., =-0.428 1, recip. —2..3342. (Titration of H reagent.) 


Notk. 'I'he two i>rocc<lur<“.sfor sfaiulardi/.atifni .agree elosi'ly. The following rc.siilt.s 
wore obtained on a eln'ck slanil:u'diy.ation by tin; two procicdiires: 

IlNOa a.s .‘^t.aiKlanl IlNOa e((iiivalent. = 0.0‘J()t'».s, average of 4 elo.scly agreeing 
titrations. 

Ka(3‘2()7 as Standard — 11 X()a eciui valent =0.02073, average of 4 closcily agreeing 
titr.ations. 

Kuns by two men w<irking indejiendeiitly checked within O.l cc. 


General Procedure. Determination of Nitric Acid in 

Sulphuric Acid 

3'hc procedure is .applicable to the deterniin.ation of nitric acid, free or combined 
as nitrate, sulphuric; acid being u.sed as the medium in which the titration is made. 
Although 0.1 to 0.8 gram HNOa may bo accurately titrated, it is a general practice 
to have the nitric acid content of the sain|)le taken for the titration about the 
same as the amount takem in .standardizat ion of the FCSO4 reagent. A preliminary 
run on the original ni.’iterial is made, if the approximate nitric acid content is not 
known. Solicls are dis.solved in water and made to the desired vedume, strong 
HNOa is diluted with water, in eithcir case the dilution should be such that 10 cc. 
of the solution will contain approximately 0.4 gram HNO3. Mixed .acids and oleum 
containing over 10% HNOa should be mixed with additional 66“ Ji6. (93-|-per cent 
HaS04) and made to a definite volume, an aliquot part being t.aken for titration. 
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Evaluation of Nitric Acid or Nitrates' 


If the nitric acid is known to be free of other acids it may be titrated directly 
with caustic; combined nitrate cannot l)c titrated with caustic, but may be accu- 
rately dcU'rmined by the ferrous sulphate method. Tlic approximate strength 
of the UNO* or salt having been determined on 1 cc. or 1 gram sample (if the ma- 
terial is a solid), the requisite amount is weighed and made to voluirMi, 10 cc. 
of which should contain not more than 0.8 gram or less than 0.1 gram lINOj, pref- 
erably about 0.4 gram. 

Example. Sujjpose 1 cc. require<l a titration of 4.3.8 cc. FeS04, 10 cc. would 
require a titravion of 4.38 cc., whereas 20 cc. is desired. 438 divided by 20 = approx- 
imately 22, e.g., the dilution should be to 22 volumes. 2.3 cc. of the .solution diluted 
to 500 cc. will give a mixture of the desired strength. 2.3 cc. arc accordingly 
weighed in a weighing bottle, the acid wash<*d into a be.akcr transferred then to 
the graduated .'iOO-cc. flask and made to volume. The preliminary run maj'^ be 
made in two or three minuU's. 

Titration. A 2.'30-cc. beaker containing 100 cc. of strong, nitric free, TT2SO4 
(93+%) is pl.accd in a large ca.sst‘role or deep jjorcelain dish containing cold w.ater. 
10 cc. of the sample arc measured out in an accurately marked pipette, grathiated 
to contain exactly 10 cc. The solution is run under the surface of the sulphuric 
acid, the delivery tip of the pipette being kept in constant circular motion to pre- 
vent too much local heating. Since the sides of the beaker are cooled, the tip of 
the pipette should be kept against the skit's in the circular sweep during the de- 
livery. By this procedure lo.ss of nitric acid is reduced to the minimum. 

The ferrous sulphate solution is now tuldcd from a burette in a fine stream until 
the yellow color that first forms takes on a faint brownish tinge (dirty yellow). 
The pipette is now rinsed otit by sucking up the mixture and draining it back into 
the beaker. The titration is now completed, adding the FeS04 cautiously drop by 
drop until the yellowish br<»wn color again apiiears, a drop in excess producing 
an appreciable darkening of the solution. A larger excess produces a brownish 
red color. With small amounts of HNO* a pink color will be obtained, instead of 
the yellowish brown. The eiui-point once recognized is readily dui^licated. 

Calculation. The cc. titration minus the constant blank 0.2 cc.^ multiplied by 


the factor for FeS04= weight of IlNOj in the sample taken. 


IINtbXlOO 
Wt. of sainplc 


per cent IINO». 

Example. Suppose 10 cc. eciuivalent to 1/50 of a 42-g. sample weighed, requires 


22 cc. FeSOi whose value =0.02 g. HNO3 per cc., then 


0.44X100 

0.84 


=62.4% HNO,. 


Determination of Nitric Acid in Oleum or in Mixed Acids. 

Ferrous Sulphate Method 

The rapidity and accuracy of the method for determining HNO* in sulphuric 
acid makes it valuable for determining nitric acid in oleutns and mixed acids. 
Nitrated oleums may be weighed and titrated without diluting to definite volume, 

' The author (W. W. Scott) found this method exceedingly useful in his tests of the 
synthetic nitric acid made by himself, during his investigation of the manufacturo of 
thi.s acid from its elements. 

*See Correction Factor, page 519. s 
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mixed acids containing large percentage-s of nitric acid, however, require dilution 
with II 2 SO 4 , as stati'd under Ceneral Procedure. 

Procedure. The sample may be weighed in a Dely weighing tube (see anal 3 ^is of 
oleum and mixed acids), or in a standard pipette (5 cc. generally taken =9.61 grams). 
If the latter is u.sed, the sample is sucked into the pipette, a rubber tube, with glass 
bead valve, being attached to the upf)er end, to which suction is applied without 
danger of drawing SO* fumes into the mouth. A little vaseline placed on the tip 
of the i)ipettc prevcuits loss of acid during the weighing. In routine analysis, 
where a large number of daily samples of oleuiTi arc analyzed, and the specific 
gravity of the oleum does not vary appreciably, 5- to lO-cc. samples may be drawn 
out, by means of a i)ipette, and titrate<l without weighing, tlie weight being cal- 
culated from the gnivity. 

'Fhe acid is run under cold concentrated ir,S ()4 (93%), and titrated according 
to <lirections under (ieneral Procetlure for Nitric acid. A blank of 0.2 cc.‘ having 
been dcflucted, cc. PeS 04 XHN 03 factor for KeS() 4 Xl 00 divided by wt. taken 
= per cent IlXOj. 

Correction Factor. In making a nutnber of runs with varying amounts of UNO*, 
it was found that small qu.antities of nitric acid required a prot)ortional greater amount 
of FcS ()4 than larger quantities of IINOj. For exam)>lc, 0.07392 gram ilNOi requirecl 
3,9 cc. KeS() 4 , four times the amount of HNOa required 15 cc. FeS() 4 , in place of 16.6, 
(3.9X4) and six time.s 0.07392 gram UNO* required 22.5 cc. FeS 04 in place of 23,4. It 
was observed that even traces of HNO* rc(|uired a titration of over 0 2 ec. It is evi- 
dent that a deduction of 0.2 cc. makes the titrations multiples of the lowest, e.g., 3,7, 
14.8 and 22.3. Again it was found that standardization of FeS ()4 with UNO* chocked 
the dichromatc factor when 0.2 cc. was deducted from the first series of titrations. This 
led to the conclusion that a constant blank of 0.2 cc. should be deducted from the ferrous 
sulphate titrations of nitric acid in presence of 100 cc. of nitric free sulphiuic acid, 
( 66 “ BA). 

Comparison of results: 

FeS 04 value by HNO* corrected =0.02067 gram. Uncorrccted =0.02045 gram HNO*. 

reS 04 value by KjCriO? titration =0.02083 gram UNO*. 

Accuracy of the Ferrous Sulphate Method. Ilasults obtoined by the ferrous sul- 
phate metluMl agree closely with tho.se obtained by the nitrometer. The following 
data were obtained by Mr, B. S. Clark,* by the FeS ()4 method, on nitrated oleums. 
The figures below the first row arc checks obtaiiicd on these samples by purchasers of 
the acid, the nitrometer method being used. 


FCSO 4 method. 
Nitrometer method. 
Difference. 


2.40; 2.82; 3.23; 3.35; 3.52; 3.50; 3.48; 3.57; 3.53; 3.66. 
2.35; 2.79; 3.26; 3.39; 3.57; 3.53; 3,50; 3.58; 3.57; 3.56. 
0.05; 0.03; 0.03; 0.04; 0.05; 0.03; 0.02; O.Ol; 0.04; 0.00. 


Determination of Nitric Acid in Arsenic and Phosphoric Acids 
by the Ferrous Sulphate Method 

A direct procedure for the determination of nitric acid in arsenic acid or phos-* 
phoric acid inis been sonirht on account of the inaccuracy of the evaporation 
method, since it is difficult to completely expel HNO* from these acids. Ferrous 

* Back titrations of the cxc^css of l<^e»S 04 may be made with standard K 2 Cr 207 , using 
the ferricyariidc siiot test for ferrous iron. 

Sp.gr. of twelve aversjge samples of oleum had a difference of only 0.01. 6 cc. 

weighs 9.G1 grams. This is found convenient for analysis. 10 cc. = 19.22 grams will 
usually give a titration of about 20 +cc. on the usual nitrated oleum. 

* Formerly Chemist U. S, Works, G.C.C., Camden^ N. Jf. 
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sulphate, in presence of sulpliurie nci<l, quantitatively titrates nitric in arsenic 
acid, the following reaction taking place: 


6 FeS 04 + 2 nN() 3 +;m,SO 4 +xllaAsO 4 = 3 Fe,(S() 4 ). 1 ‘ 2 X()+ 4 TI, 0 +xli,As 04 . 


The procedure is apjdicable to the determination of nitric acid in phosphoric 
acid, the end-point being sharper in this acid than in arsenic. The procedure gives 
very excellent results in either acid anil is rc'comnKaided for accuracy ami 
rapidity. 

Standardization of Ferrous Sulphate h.as already been given under special 
reagents. It must be remembered that the arsenic or i>hosphoric a<*id diluents 
shoidd be free from tutric! acid or the blank on 100 cc. be ascertained and de- 
ducted from titrations made; in this diluent. 

Procedure. The amount of the sample to bn taken is governed by the nitric 
acid present as an impurity. This m.ay be (|ui(;kly determined by a preliminary 
run on a 10-cc. sample, the diluent b<*itig the same acid (llNOa free) as the acid 
titrated. 

Example. Suppose 10 cc. recpiire a titration of l.o cc. of FeSO^, whereas a 
titration of 20 cc. is desired, then 20X10-?- l.o =44.41 cc. of the sample recpiired. 

The required amount of the acid is measured out and weighed, if its sp.gr. is 
not known. I'hc acid is poured into a 4-in. casserole and dilute<l with 100 <•<*. 
of nitri(! free acid of the same kind as tiiat being titrated. Tlu^ mixture is gc'idly 
w’armed to 40 to .*10° C. and titrated with standiird f(*rrous sulphate reagent to a 
permanent yellowish brown. Towards the end of the titration the acid will b«)il 
with each addition of the FeSOi and the charactcTistic reildish yellow fumes will 
be given ofl'. (This does not occur in titrations of 1 1X0., in lIaS() 4 .) 

When very small amounts of nitric acid are iwesent it is often necessary to 
add a known amount of HNOj to start the reaction. 'I'lie titration in excess of 
that required by the added IIXO .1 is <lue to the nitric acid in the sample. Very 
small amounts of HNO* produce a pink color. 


Calculation cc. FeS 04 XHN ()3 factor for FeS() 4 X 10 () divided by weight taken 
=per cent UNO*. 

Factors. Fe to HNOs= 0.3762. Reciprocal =2.6.582. 

Note. In a 20-gram sample 1 cc. 0.02 reagent =0.1 % jier cc. 


DETERMINATION OF NITROUS ACID OR NITRITE 
PERMANGANATE METHOD 

Principle. Potassium iiermanganate reacts \\ ith nitrous acid or a nitrite as 
follows: 

6N203-l-4KMn044-61 12 SO 4 =.5X2O54-2K3S04-+-4MnS04-|-6II*0. 

.5Hx\03-f-2KMn04-l-3H2S04 = 5HX05-|-K2S044-2MnS04-f 3 H 2 O. 

Since 2 K]Mn 04 in acid solution has five available oxygens for oxidation of sub- 
stances (e.g.,2K]Vln()4 =K2(I.2Mn0-l-'50 equivalent to 1011) the molecular weights 
of the constituents divided by 20 in the first equation and by 10 in the second would 
represent the normal weights per liter, c.g., 5 N 2 O 3 divided by 20 =76 divided by 
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4 = 10 j'rams XoOj por liter. 4 KATn 04 divided by 20 or 2 KMn 04 divided by 10 
= It’iS.O.'J divided by .”>=111.01 uram.s of K^rn 04 per liter for a normal solution. 
In llio second oc|iia(ion if Na repr(‘.se!i(s the univalent element we would have 
SXaXOj divi<l«'<l l)y 10 or 00 divided by 2 =.‘J4..'j prams per liter, lienee 1 cc. of 
a normal KMn ()4 solution would o.xitlizc 0.019 pram XjOj or 0 . 0 .‘M 5 pram NaNO» 
to form X^aOs and NaXOa rospeefivelj’. 

Orpani(! matter is also oxidized by IvMnOj hence will interfere if j)resent. 

Special Reagents. 

N/a Potassium Permanganate. The .solution contains 0..’122 prams KMn 04 
per liter. 

N/a Sodium Oxalate. XajCjOi ri'aels with KMn 04 as follows: 
f>Xa.r,f )4+2KMn( ),+SI I.S()4 - K.S( )4+2MnSt)4+r)Xa2SO4+10CO., +811*0. 


lienee .^)Xa 2 C 204 divided by 10 or l‘J4 divided by 2=07 piams per liter = a 
normal sodium oxalate solution. A N/o .solution retjuires 13.4 grams Na 2 C '*()4 
per liter. 

Preparation of the Sample. 

Soluble Nitrites. 'Fen prams of the nitrite are dissolved in water and made 
to 1000 ee.; 10 ee. contain 0.1 prain of the .sample. 

Water-insoluble Nitrites. O.o to 1.0 pram of tlu; nitrite aeeonlinp to the 
amount of nitrous aeid pre.sent is taken for analysis. An excess of KMn 04 solu- 
tion is adde<l, followed by dilute 1 I 2 S ()4 and the excess standard permanpanate 
titrated with sodium oxalate aeeordinp to directions giveji under Procedure. 

Nitrous Acid in Nitric Acid and Mixed Acids, 'i'his is present generally in 
very small amounts so that a largo sample is taken. The amount and details of 
the ])rocedures are given under the special subject. 

ftocedure. For accurate work a chamber burette is recommended, as in case 
of titration of acids, graduated from 60 cc. to 100 cc. Since the readings will fall 
between these extremes the sample should contain an equivalent of 0.19 to 0.38 
gram N 2 () 3 , or 0.345 to 0.69 gram NaNO* or 0.426 to 0.85 gram KNO*. In soluble 
commercial nitrites, NaN() 2 or KNO*, 50 cc. of the above solution (0.5 gram) are 
generally sufficient for titration. A preliminary run will show approximately the 
amount of nitrite present and the amount of sample taken is governed accordingly. 

For routine work where a number of daily determinations are made, a 60-cc. 
burette is generally preferred. Half the above samples must then be taken. 

Trial Run. If tlic approximate strength of tlie salt is not known the following 
test may be ciuickly made to ascertain whether more than 60 cc. of solution is 
necessary and the apj)roximate amount t)f KMn 04 reciuired for oxidation. 

Ten cc. of the solution together with 100 cc. of water are placed in a 4-in. 
casserole and about 10 cc. of dilute II 2 SO 4 , 1:1, added. Standard KMn 04 from 
a 50-cc. burette is now run into the sample until a permanent pink color is obtained. 
The cc. of KMn 04 multiplied by 5= the approximate amount of permanganate 
solution required for f>xidation of 60 cc. of sample. An excess of 5 to 10 cc. should 
be taken iti the regular run. 

Titration of Nitrite. Fifty cc. of the solution (or more or less as the case 
may recpiirc) arc placed in a 4-in. casserole and standard KMnO* added in quantity 
sufficient to comphitely oxidize the nitrite together with 5 to 10 cc. in excess, as 
ascertained by the trial run. 'Fen ce. of dilute H 2 SO 4 arc added and the sample 
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phiml on the hot i)l!ito unfil the inixtiire reaches a temperature of 70° to S0° C. 
About 2.") (*(!. morn of the dilute arid are now ad<led and tii<^ excess jx‘rmaiiganat(* 
titratinl in a hot (apiwox. S0° s«)lution with N/.> sodium oxalate. The NaA'jO-i 
solution should be ndd(‘d, from a 2o-cc. burette, cautiously allowing time for 
reaction with ea<‘h addition. When the pink color fades the reading is taken. A 
drop of N/f) KMtiO^ should restore the i)ink color. Total ])ermanganate taken 
minus the back titration with oxalate =cc. KMn()4 retiuired by the nitrite. 

One cc. N/o KMn04 --- O.OtKJS g. X-.( )», or 0.0001) g. NaNOo, orO.OOSS g. KXOs. 


THE ANALYSES OF OLEUM OR FUMING SULPHURIC ACID 

AND OF MIXED ACID 

The analys('s of fuming sulidiuric acid and mixed acid are placed under one 
general scheme as tlu; i)rocedure ff)r oleum is included in that of mixed .acid. The 
term oleum is given to strung sulphuric acid containing free SOj, the combined 
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water in the product decreasing (along Avith sulphuric acid) with the increase of 
free SOj or sulphuric anhydride. M i.xcd acid is the technical name for the mixture 
of strong sulphuric acid and nitric aciil or of oleum and nitric anhydride, the 
j)roduct being commonly u.stid in nitrating glycerine, cotton and other materials. 
The analysis includes the detcrminat.i<ms of 1I«S()4, JIXOj, NaOj, X^Oj and in the 
case of oleum, the determination of SO.,. In the presence of the latter, UNO* is 
assumed to lose its combined water according to the reaction: 

211X0, +SO3 = ILS04+NA>6 

In absence of nitric acul SO2 may bo present. It is assumed that if UNO., is 
present the HO* is oxidized to HO., with formation of lf*HO« and the auliydrides 
HO* and NaO* according to the reaction. 


N*Oi-f-H*0+2HO* -X*0*+SO*+ ri*S04 
Some chemists prefer to express the reaction: 

2IIXO*+HO* -II*S04+X*04. 

The analysis is carried out by three titrations -(a) determination of total 
acidity, (6) determination of suliihuric acid including SO* free in case of oleum, 
(c) determination of lower oxides. 
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For pconomy of time t,lip followiiiK ()r<lor should be observed: The sample 
for the deteriiiinatioii of sulphuric acid and free SO 3 (oleum) should be weighed, 
diluted with water according to the detailed procedure and jdaced on the steam 
bath for eva])oration. During the evaporation the titration for total acidity of 
the sample and the titration for the lower oxides are made and finally that of oleum 
on the evaporated sample. 

Special Reagents. 

Normal Sodium Hydroxide. One cc. —0.04904 gram llaSOi. 

Tenth Normal Potassium Permnnyanate. 3.1(5 grams T\AIn 04 per liter. 
Standardizeil against N/10 solution of Sorensen’s Sodium Oxalate. (See Prepara- 
tion of Standard Reagents.) One cc. =0.(K)19 gram or 0.(X)23r)l gram HNO 2 . 


Procedure. Total Acids 


The sample is accurately weighed by one of the procedures recommended fol 
strong acids. The Dely or Rlay-Hurkhard tubes are bcist for this purpose. 
Such a weight being taken as will require a titration between 7.") and 100 cc., 
c.g., containing an equivalent of 3.6 '.5 grams to 4.9 grams H2SO4. The acid is 
now run under cold CO 2 free water according to directions on pages 507 and 508, 
and the acid titrated with N /1 solution of NaOH. 


One cc. NaOH = 0.04904 g. H 2 SO 4 . 


,, , ,, , ^ cc.NaOIIX.04004Xl00 

Calculate to per ceut ^|,Yof Aci.l T.'SST- 


Lower Oxides 

Ten cc. of the sample, weighed in a pipette with capillary delivery tip, are 
c.autiously run into about 400 cc. of cold wat<*r, keeping the delivery tip well umler 
the water .and in rai)id motion to prevent overheating through local action. The 
mixture is titrated with N /lO KMn 04 until a pink tint is obtained that does not 
fade in three minutes. 

1 cc. N/IO KMn 04 = 0.0019 g. N 2 O,. 

1 cc. N/10 KMn 04 = 0.004(5 g. N 2 O 4 . 

1 cc. N/10 KM n 04 = 0.00235 g. HNO*. 

1 cc. N/10 KMn 04 = 0.0032035 g. SO*. 

1 cc. N/10 KMn 04 = 0.0041043 g. ILSO,. 

Notk. With exactly N/10 KMu ()4 on a 19-gram sample I cc. =0.01% N 2 O 8 . 


(N 2 O., to N 2 O 4 factor =2.42.) 
Equivalent H 2 SO 4 =0.0049043 g. per cc. 


Sulphuric Acid and Free SO3 

The sample is Avcighed in a Dely tube and run under cold water, as in case 
of total acids, using in this case about 45 to 50 cc. of water in a 4-in. eas-serolc. 
The stdution is evaporated on the steam bath to expel the volatile acids, lower 
oxides and nitric. The evaporation is hiishmed by blowing a current of hot, dry, 
pure .air over the sample, see Fig. .SI. Instead of a ca.s.sorole, a shallow glass 
cell, 3 inches in diameter and I 5 inches deep may be used. The air current in 
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this case is unnecessary. About 5 cc. of water are added and this again evapor- 
ated oflf. The acid thus obtained is HjSOi+SOs. 

The acid is taken up with water and titrated with standard caustic, using COt 
free water and phenolphthalcin indicator. 

One cc. N/l NaOII =0.004904 gram H 2 SO 4 . 


Nitric Acid 

This may be obtained from the above dctermiiuitions according to calculations 
following. It may bo obtained by <lin‘ct titration with standard ferrous sulphate, 
by running a weighed amount of mixed acid into 100 ec. of cold sulphuric acid and 
titrating to a yellowish red tint. For the detailed i)roccduro sec Nitric Acid, 
page 515. 

Calculation of Results. 

A. Nitric Acid and SOt being Absent. 

The total acidity is calculated to ROj. Reference i.s made to the table for 
Oleum from which the per cent I 1 «R ()4 and free S().i :ir(> obtained. 

Example. Ruppo.so the total acidity in terms of SOj was found to be <S1.2. 
The acid contains 80% 112804 and 1 1% free BOa. 


B. Nitric Acid Absent, SO 2 is Present in the Mixture. 

Total SO 3 . From total acidity as SO 3 .subtract 8 O 2 XI .20 (i.e., etiuivalent 
SO,). 

Combined water. 100 — (total SOj+SO-d = I^O. 

Combined SO3. II 2 OX 4 . 1 1 l.") = S().i e(juivalent or combined BOj. 

Free SO 3 . Total BOi — ccunbined Btb free; B();i. 

Sulphuric acid. Combined Btb-l-HjO. 

Example. If BOj was fouiul to be 2'^',', and the total acidity in terms of BOi 
= 83.5% 


Total BO3 =S;i.5 -(2X 1 .2.5) =81% 
Water = 100 -(81+2) = 17%. 
Combined SO, = 17X4.44 15 =75..50%. 

Free BO, =81 -75.56 =5.41%. 
Sulphuric acid =75.56+17 =92..56%. 


llvport 

Sulphuric acid = 92.56%. 

Free BO, =5. 1 1. 

802=2.00. Total 100 . 


C. Nitric Acid Present and SO 2 Absent. 

Nitric acid in pre.sence of free BO, is a.ssumed to be the anhydride N 2 O 6 . 

N20.r>. From the total aci<lity is subtracted the acidity after evaporation, both 
being calculated to equivalent BO,. 'I'he difference multiplied by 1.349 = per cent 
N,0,. 

H 2 O. Total BO, (after evajjoratiorO + N^O, subtra<'ted from 100 = 1120. 
Combined SOa. 1120 X 4.4445 = 80, equivalent to 1120. 

Free SOa. Combined BO, subtracted from totjil 80, = free BO,. 

Sulphuric acid. Combined BO, + II2O = 1 12BO4. 

Example. If tt)tal acidity = 8-4% in terms of SO, and the total SO, (after 
evaporation) = 82%, then the difference 2X 1.349 = 2.698% N,!),. 
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Water «= 100- (82+2.698) » 15.302%. 
Combined SO, = 15.302X4.4445 =68.01%. 
Free SO, = 82 - 68.01 = 13.99%. 

H,S04 = 68.01 + 15.302 = 83.312%. 


Report 

H2S04-S3.312%. 
Free SO, = 13.980%. 
NsO,® 2.698%. 


Total 100. 


D. NiOii Required to he Reported as HNOt, 96%.^ 

HNOs, 96 %= SO, equivalent (acid expelled by evaporation) X 1.64. 100 


—per cent HNO, (96%) = Oleum. Total SO, in oleum= — 

IXir cent oleum 

Iti'ferenee to the oleum table will ^ive the ixjr cent free SO, in the oleum. 
Example. Suppo.se lolal acidity in term.s of S(), = 8 -l% and the SO, after 
eva|M)raliou = 82%, then HNO,, 96% = the difference = 2X1.64 = 3.28% HNO, 
(96%). 


Oleum =100 -3.28 =90.72%. 

T« t .• SO, in oleum = 100X82 divided by 90.72 = 84.78. 
From the oleum table 84.78 gives 17.10% free SO,. 


Report 

Nitric acid, 90% = 3.28% 
Oleum =96.72% 

Free SO, -17.10% 

Tolal SO, =84.78% 

The nitric acid and oleum make a total of 100. 
Formula- for Diluting or Slren(flli<-nin(f Soluliojis.^ 
To dilute a solution with walei: 


, , DZ „ 
(o) = 


F = Z-.V; or 

To dilute a strong with a weaker liquid: 

A'-Z= V; or 


(») 


ib) 


,,, A-DX ,, 

® ■D=jr=^- 


To strengthen a weak with a stronger liquid: 

^ ^ D-AZ _ ^ „ ... D-AY ^ 

(«) Y^Z—X; or (/>) =X. 


(l~l) 


.4=actual concentration of the solution that is to be corrected; 
yi = concentration of tin; diluting .solution; 

6 ’= concentration of the strengthening .solution; 

/y = desired coiH*c*nl ration ; 

X = amount of the stronger .solution to be added, taken or prepared; 
y'=amount of weak('r solution to be a<lded or taken; 

^=amount of solution desired or given. 

All data are in terms of weight of the constituents. 

> I'his is the usual strength of the cuinincrcial concentrated acid. 

* Compiled by J. B. Bamitt. 
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METHOD OF ANALYSIS OF CHLOROSULPHONIC ACID 


Chlorosul pi ionic acid, SOa'IICI, tlccomposcs to HsS 04 and HCl on addition 
of water, the reaction being violent. C’on.siderabic care inu.st be exercist'd to 
jircvent loss of acid during dilution with water for examination of the product. 
Tlie following method of analysi.s has been found satisfactory: 

Total Acidity. Three to four grams of the chlorosulphonic acid are weighed 
in a Ddli tulxi or .small glass bulb. About 2n cc. of distilled (neutral) water and 
about 10 cc. less NaOII (normal strength) than is necessary to neutralize the 


sample (i.e., 


weight .sample 

Tiliioiin 


— 10=cc. NaOII to be taken) are placed in a heavy 


wall glass bottle (250-300 cc. capacity). If the samjilc is weighed in a D61i tube 
it is run into the NaOII .solution according to the procedure described on page 
606. If the bulb is used, the Ixittle, with the sainjile inserUsl, is stopixsrcd, 
wrapjied in a towel an<l shaken vigorously until the bulb breaks and the acid 
mixes with the water and NaOH. The excess of acid is now titrated with N. 
NaOH, using phenolphthalcin or methyl red indicator. The total acidity is cal- 
culated to SOa and rt*corded as per cent SOs. 

Titration of Chloride. The NaCl formed is titrated with N/3 AgNOa solu- 
tion, using KaCr 04 indicator. The cc. of the reagent arc calculatetl to the equiv- 
alent IICl. Since NaOH is apt to contain NaCl, the blank is subtracted to 
obtain the true IICl equivalent in the sample. I’hc per cent IlCl is calculated. 

The Composition of the Acid is now determined as follows: 

(o) Total acid as jx'r cent S 03 = rt. 

( 6 ) UCl obtained by titration of the neutralized solution (made faintly acid) 
with N/3 AgNOa (the HCl blank for the NaOH used in (a) having lx?en subtracted) 
= 6 . The HCl is converted to its equivalent SO.i by multiplying by 1.05)78=6'. 

(c) »S'Oa ((tombided and free). The SO» c(piivalcnt of HCl obtained in 6 is 
subtracteil from the total acidity as SO.i of («) is o— 6 '=HO.i total. 

(d) KM) — (per cent SO.i H-jicr cent HCl) = per cent H-jO in sample. This is 
cornliincd with a portion of the SO 3 as II SO 4 . Calculate to per cent H 2 SO 4 by 
multiplying by .5.4444. 

(c) The sbj combined with H 2 O is subtracted from the total SO., of (c). The 
result is the HO 3 of the chlorosulphonic acid and free SO 3 (if any). 

By insix'ction it is jiossible to ascertain whether the product contains free 
SO 3 or free HC’l since BO., "IICl ’are in the proportion 31.25) per cent Ht3 and 
68.71 per cent SO.,, i.e., HCl : SO;,:: 1 : 2 . 2 . 

If SO 3 is in excess. The HCl is calculated to SOs* IICl by multiplying by 
3.19.56, the i"esult is the per cent c.hlurosvlpfimnc acid in the sample. 

Free fSOa is obtained by siditracting per cent SOs* IICl + per cent H 2 SO 4 
from 100. 

If HCl ift i)t excess. The jxt cent SO 3 obtained in (c) is multiplied by 1.45.55; 
the result is the per cent cfdorostdpfimiic acid. 

FrrellCl is obtained by subtracting ix*!* cent SO.,* HCl +por cent H SO 4 from 100. 

Itesults are reported as |x*r cent S 03 *HCM, ILSO,, fi'ce SO3 or frc<i HCl. 

Factors; 

1101x1.0978 -SO.,, JI('lx 3 . 1 f). 56 =S 03 *HCl and HCl X 2. 19.59 -SOs in SO. HCl. 
SOs X0..S99S-HCI, SO, XI. 4.555 SOs*!!!’! and SO* X0.4.5.54=HCI in SO 3 HCI. 
H 2 O X 5.4444 - lI,.SO,, H.,S( ), XO. IS:17 - 1 13 O, H 2 SO 4 XO.7436 = HCl. 

NaCl xO.6238 =HC1, S 03 *IIC 1 =31.29 per cent HCl and 68.71 per cent SO*. 
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ANALYSIS OF ACETIC ACID 

The acidity of acetic acid may be determined by titration witii standard caustic, 
using phcnolplithalein as indicator. 

Ai)out 4 to 5 grams of glacial acetic acid or a corresponding amount of dilute 
acid are taken for analysis, being weighe<l out in a weighing bottle or ot her suitable 
container used for strong and weak acids. The acid is mixed with about 2.50 cc. 
of water and titrated in the i)resence of phenolphthalcin indi< ator with normal 
caustic. 

One cc. N/1 NaOII =0.00003 gram ClbCOOlI. 

Impurities in Acetic Acid 

The more important impurities that are looked for in commercial acetic acid 
are formic acid, furfurol, acetone, sulphuric acid, sulphurous acid, hydrochloric 
acid, metals. 

In the examination of the acid the physical appearance — turbidity and color 
arc noted. 


Formic Acid in Acetic 

Qualitative. Ten cc. of the acid (glacial diluted 1:10) are heated with 1 gram 
of sodium acetate and .5 cc. of 5 per cent mercuric chloride solution. A turbidity 
indicates formic acid. 

Quantitative. Five grams of glacial acetic acid or corresponding (piantity of 
dilute acid are treated with 5 grams of sodium acetate and 40 cc. of nuTcuric 
chloride st)lution (5 per cent) and 30 cc. of water added. The mixture is heat(‘d 
birlwo hours in a flask with a return conden.ser, the fla.sk Ixdng surroimdeil by 
steam. 'I’he precipitat cd mercurous chloride,HgCl, is filtered off, dricxl and weighed. 

Weight of HgClX 0.0977 =fonnic acid equivalent. 

Furfurol in Acetic Acid 

Qualitative. Aniline dissolved in pure glacial acetic acid (.5 cc. anilim; in 2 cc. 
glacial a(!etic acid) and added to 100 cc. of the sample will produce a red color in 
presence of furfurol. 

Quantitative. The test may be made cpiantitative by comyjaring the color 
produced with standard solutions containing known amount.^ of furfurol. One 
gram of redistilled furfurol is dissolved in 100 cc. of 95 per cent alcohol. 1 cc. of 
this solution is diluted to 1(K) cc. w'itli 95 per cent ah^oliol. 1 cc. = 0.0001 gram 
of the reagent. 

Test for furfurol in vinegar. Fifty cc. of the vinegar is n(‘utraliz«‘d with 
sodium hydroxide, and 15 to 20 cc. are distilled. Two cc. of colorless aniline and 
15 cc. of hydrochloric acid (1:12) added. The mixture is warmed (o about 15° 
C. for a few minutes and the color compared with standards prepared in the same 

way. 
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Gravimetric Method with Phloroglucid 

Place a quantity of the material, chosen so that the weight of phloroglueid 
obtained shall not exceed 0.300 f^raiu, in a flask, together with 100 cc. of 12 per 
cent hydrochloric acid (spc'cific gravity, 1.0(5), and several pieces of recently 
heated pumice stone. Place the flask on a wire gauze, connect with a condenser, 
and heat, rather gently at first, and so regulate as to distill over 30 cc. in about 
ten minutes, the distillate passing through a small filter paper. Ticplace the 
30 cc. driven over by a like cpianlity of the dilute acid added by means of a separa- 
tory funnel in such a manner as to wash down the parti<‘l<‘s adln^ring to the sides 
of the flask, and continue the proce.ss until the distillate amounts to 3(50 cc. To 
the completed distillate gradually add a (piantity of ])hloroglucol (i)urified if neces- 
sary) dissolved in 12 per cent hydrochloric acid and thoroughly stir the re.sulting 
mixture. The amount of phloroglucol ust‘d should be about double that of the fur- 
fural expected. The solution first turns yellow', then green, and veiy soon an 
amorphous greenish precipitate apiwars, which grows rapitlly darker, till it finally 
becomes almost black. Make the solution up to 400 cc. with 12 per ctmt hytlro- 
chlorie acid, and allow to stand overnight. 

Filter the amorphous black precipitate into a fared Gooch crucible through 
an asbestos felt, wash carefully with 130 cc. of water in such a way that the water 
is not entirely removed from the crucible until the very last, then dry for four 
hours at the temperature of boiling water, cool and weigh, in a weighing bottle, 
the increase in weight being reckoned as phloroglucid. To calculate the furfural, 
pentose, or pentosan from the phloroglucid, use the following formulas given b.V 
Krober: 

(а) For weight of jdiloroglucid “ a ” under 0.0.3 gram. 

Furfural - (a-f-0.00r)2) XO.o 1 70. 

Pentoses = (a-|-0.(K)o2) X 1 .0170. 

Pentosans = (a+ 0.00r)2)X0.S949. 

(б) For weight of phloroglucid “ a ” over 0.300 gram. 

Furfural - (a+0.00.‘)2) X 0.3 1 SO. 

Pentoses = 01+0.0032) X 1 .002(5. 

Pentosans = (a+0.0032) X0..SS24. 

For weight of phloroglucid “ a ” from 0.03 tf) 0.300 gram use Krober’s table 
or the following formulas : 

Furfural = 0i+0.0032) X 0.3 1 S3. 

Pentoses - (a+0.0032) X 1 .0073. 

Pentosans - (a+().0032) XO.SSOO. 

The ])hloroglucol is purificil by rccrystallizn(io!i frf)m hydrochloric acid. For 
details of the jiroccdiire see bulletin 107, II. S. Dept, of Agricultuni, liureau of 
Chemistry. (1912, i)age 54.) 

Acetone in Acetic Acid 

Fifteen grams of glacial acetic acid, or a corresiionding amount of weak acid, is 
treated with 70 cc. potassium hydroxule (10 per ccait solutioti), or sufficient caustic 
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to make the solution slightly alkaline. The solution is cooled and 25 cc, N/5 
iodine solution added and sufficient hydrochloric acid to make the mixture faintly 
acid. The excess of iodine is titrated with N/5 sodium thiosulphate, using starch 
inilicator. The total iodine solution taken minus the equivalent cc. of thiosulphate 
= the itnline combined with the acetone, then the weight of iodine in grams mul- 
tiplied by 0.07012 =grams acetone in the sample. 

Sulphuric Acid in Acetic Acid 

This is best determined by the turbidity test. About 5 cc. of the sample are 
taken and 1 drop of hydrochloric acid aiwl half a cc. of 10 j>er cent barium chloride. 
The turbidity is now compared with a standard pure acetic acid solution containing 
a known quantity of BaS 04 , the standard being added to a comparison cyliiidei 
until the turbidity is the same as that of the sample, which has been diluted to a 
convenient volume in a Nes.sler tube or similar comparison cylinder. The appara- 
tus used in determining small amounts of titanium, lead, etc., is suitable for this 
test. In this case the glowing wire or filament of an incandescent light is viewed 
through the solutions, the brightness of the wire acting as a guide in matching the 
solutions. 


Sulphurous Acid in Acetic Acid 

This is best detected by placing in a small flask about 20 cc. of the sample, 
adding 5 cc. of strong hydrocliloric acid and about 3 grams of zinc and covering 
with a filter paper saturated with lead acetate. The blackening of the paper 
indicates SOz in the sample (e.g., reduced to HzS by the hydrogen generated by 
the zinc). 

The sulphurous acid is best titrated with N/10 iodine solution, using starch 
indicator. 1 cc. N/lO rz=. 00.32 gr. SOz. 

Hydrochloric Acid in Acetic Acid 

Determined by the turbidity test as in case of sulphuric acid, silver nitrate 
solution being used to precipitate AgCl, and nitric acid substituted for hydrochloric 
acid. 


Metals in Acetic Acid 

Total Solids. Ten to 100 grams of the acid is evaporated to dryness in a 
platinum dish. The residue contains the non-volatile solids. 


ACETATES 

Two to 5 grams of the material is placed in a Kjeldahl flask connected by means 
of a condenser to a receiving flask containing half normal caustic. About 20 cc. 
of 85 per cent phosphoric acid are added and about 150 cc. of water. Gentle heat 
is applied and gnulually increased. About 100 cc. of the solution is distilled into 
the caustic. Additional hot water is added to the residue in the Kjeldahl flask 
and the distillation continued. This is repeated until about 800 cc. of solution 
has been distilled over. The COz is boiled out of the distillate, a reflux condenser 
being used to prevent loss of the acetic acid. If the solution is alkaline, a known 
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amount of acid is added and the COj boiled out. The excess acid is now titrated 
and the amount of acetic acid in the distillate calculated. 

One cc. N/2 NaOH “0.030016 gram CH»COOH. 

CHiCOOHX 1.3169 “Ca(CH, CO,),, or X1.3663 =CH,COONa. 

Acetates of the Alkalies and Alkaline Earths. In absence of other organic 
acids, nitrates, etc., a quick method is suggested by Sutton (Vol. Analy., X. Ed., 
p. 91). The salts are converted into carbonates by ignition and the residue 
titrated with normal acid. 

One cc. N/1 acid =0.0000.3 gram CHaCOOII. 


CITRIC ACID 

The free acid may be titrated with so<lium hydroxide, using phcnolphthaloin 
indicator. One cc. N/1 alkali =0.07 gram crj’stallizoil citric; acid. 


VOLUMETRIC ESTIMATION OF FREE ACID IN PRESENCE OF 

IRON SALTS 

The red precipitate formed when solutions containing iron are titrated with 
caustic; makc'.s it difficult to detect the end-i>oint of neutralization: the* method sug- 
gested by C. A. Ahlum’ takes advantage of the white comjxmnd formed by pre- 
cipiteting the iron as a phospliate and the fact that monosodium j)hosf)hate is 
neutral to methyl-orange indicator. 

Reactions 

re2(S()4),-f-2NaIIsP04-}- x free acid =2FeP04-|-Na2S04-f-x free acid-(-2Il2S04, 
or 2FeCl8-|-2NaH2P04-l- x free acid =2FeP04-|-2NaCl-|- x free acid-l-4IICl. 

The acid equivalent to ferric iron is deducted from the total aciil found, the 
excess acid being due to the free acid in the .solution. 

Procedure. To the solution containing the iron .and free acid is added an excess 
of C.P. solution of monosodium phosphate (neutral to methyl-orange), and tlaui 
a few drops of the indicator. The aculity of the solution is now d(*termined by 
titration with stamlard c.aiistic in the usual w.iy, the solution being cold. From 
this titration the total fr(*e and combined .acid are calculated. 

Iron is now determined in a separate portion by titration with stannous chloride 
or dichromate. 

Calculation. 

(A) Fe.2( ), X 1 .228.6 = g. TI2SO4 (combined). Fe2O3X0.91.3.6 =g. Ilf^l (combined). 

(B) One cc. N'/.6 Nat ) II = .00981 gram H2SO4 or .00725) gram HtH. 

Total acid (B) minus combined acid (A) =/rcc acid. 

^ C. A. Ahliim, The Analyst, 31, 168, 1000. 



ACIDS 


531 


ESTIMATION OF THE CARBONATES AND HYDRATES OF 
POTASSIUM AND SODIUM WHEN TOGETHER IN SOLUTION i 

Procedure. A measured volume of the solution is titrated, using phenolphtha^ 
lein as indicator. The acid used is equivalent to all of the hydrate and Hal f the 
carbonate; methyl orange is now added and the titration completed; the additional 
amount of the acid used is equivalent to half the carbonate, therefore the amount 
of acid required for the carbonates and for the hydrates can be calculated from 
these figures. 

The fully neutralized solution is evaporated to dryneas and the residue weighed. 
The result is the weight of the mixed sulphates, due to the carbonates and hydrates 
of potassium and soda in the solution. 

Calculate tlie total acid required to its equivalent of potassium sulphate, sub- 
tract from this result the weight of the mixed sulphates, and the difference is due 
t<» the sodium sulpliatc in the mixed sulphates, owing to the difference in the molecu- 
lar W(Mghts of potassium sulphate and sodium suli)hate. 1'he whole of the acid 
list'd has been calculated to potassium sulphate, and as the acid was neutralized 
by carJioiKites and hydrates, it is evident the proportion of total sulpliatt;, duo to 
the carbonates and hytlrates, is etiuivalcnt to the amount of the acitl used for each 
rcsiicctivcly ; therefore the prtiportion of the above obtained difference due to the 
carbonates and the hydrates respectively is also proportional to the amount of 
acid used for each. 

Example. A solution of the mixed carbonates and hydrates of potassium and 
sodium reipiired : 

(40 cc. XaOII : 40 cc. KOII) <S 0 cc. of acid to neutralize the hydrates. 

(10 cc. NaotXls : 10 cc. K^COj) 20 cc. of acid to neutralize the carbonates. 

100 cc. total acid reejuired to neutralize the solution. 


Total acid 100 cc. calculated to K 2 S ()4 =0.S7 gram. 

Total neutralized solution evaporated to dryness (K 2 S 04 -l-Na 2 R() 4 ) =0.79 gram. 
Difference due to Na 2 S ()4 in weighed sulphates =0.0€S gram. 

(K2.S()4-Na2S()4) : Na2S()4 ; : Diff : 

.'12 : 142 : : O.OS ; 0.3.’>.') Xa 2 S 04 present in the mix(;d sul- 

])bates. 

And the inixe<l sulphates 0.70 gram — 0..'J.5.5 =0.43.') K 2 SO 4 present in the mixed 
sulphates. 

Therefore the inLxed suli)hates consist of Xa 2 S 04 0.3.').') gram, K 2 SO 4 0. 13.') gram. 
The proportion of the .acid used for the hydrates is 80/l(K) and for the car- 
bonates is 20 / 100 . 

'riiereforo the proportion of the dilTerenci? (0.0.S) due to Xa 2 S 04 from the hyilrate 
XaOII is 0.08X80/100=0.004. For the carbonates = 0.0.8X20/ 100 =0.0 10. 

liy the above ratios 32; 142; ; 0.0(')4 ; 0.2.81 Xa 2 S 04 from XaOII =40 cc. 
^7ld acid. 32 ; 142 ; ; 0.010 ; 0.071 Na 2 S 04 from Xa-AX) =10 cc. acid. 


1 W. A. Bradbury and F. Owen. C. N., 107, 2778, 85 (Feb. 21 , 1913). 
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80 cc. acid used for the hydrates =0.696 K 2 SO 4 . 

0.284 Na*S 04 from the NaOH =0.348 K*S 04 . 

DiflFerence = K 2 SO 4 from KOH =0.348 =40 cc. N /10 acid. 
20 cc. acid used for the carbonates =0.174. 

0.071 Na 2 S 04 from tlie Na^CO, =0.087. 

Difference =K 2 S 04 from K 2 CO 1 =0.087 = 10 cc. acid. 


The figures correspond with the quantities taken. 

80 cc. of acid to neutralize the hydrates. 
20 cc. of acid to neutralize the carbonates. 


Na2S04 =0.3r)5 


K 2 SO 4 =0.436 


Totals 0.790 


N aOH 0.284 = 40 cc. acid 
Na 2 C (.)3 0.07 1 = 10 cc. acid 
KOII 0.348 = 40 cc. acid 
K2C0» 0.087 = 10 cc. acid 

0.790(a) 100 


80 cc. acid. 

20 cc. acid 


Calculate these sulphates to the corresponding hydrates and carbonates. 

'I'hc author ackiiowledKO.>< the .a-ssistance rrneJon’d by Messrs. ,7. ]*. Kelly and H. S. 
Clark by review and criticism of this chapter. 
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1 ). K. Fuencii 

Probably at no other time has the importance of a water supply, either for 
domestic or industrial purposes, been so great, as in these early j’oars of the twen- 
tieth century. The increasing realization of the effect of contaminating materials, 
both organic and inorganic, on a municipal or private drinking supply — and 
histor 3 '’s record of the devastating natuie of epidemics due to water-l)ornc disease 
organisms, have led to the careful investigation of water for its sanitar}' value 
and the development of materials and equipment to fight and eliminate such 
contamination, and have increased many hundreds of per cent the factor of safety 
to the public health. In like manner, and even to a greater extent. Inis the value 
of water for industrial uses been a matter for careful consideration. It is 
hard for the public to realize the immense (luantities of water used for industrial 
purpost's, not only for the d(!velopment of steam and electric power, but also for 
purposes of manufacture. 

From the standpoint of power developmcuit we are familiar with the heat 
losses and the increased operating expenses dm; to scale formation in the steam 
or locomotive boil<*r, and also to the continued rapid decrejuso in valuation of 
boiler properl.v, or of power fdant properl.v, due to corro.sion or rusting. Another 
element of trouble which is noticed not so much in stationary boiler practice as 
in locomotha; boiler ])ractice, is the element of foaming and priming of a water, 
which n’sults in nmehmon* rapally putting tin* st(‘am raiser out of active service 
than either of tin; other tyi)es of trouble. 

I'’rom the standpoint of plant deterioration dm* to rusting and corrosion one 
has only to look to the great mass of works on the corrosion of iron and steel which 
are largely results of th<' growing nee<l for some infonnation as to the cause and 
pos.sible ])revention of this ])articular phase of trouble. 

Little w’ork has been done so far on the actual theory of foaming troubles in 
water, although Mr. Stabler of the United States Geological Survey considers it 
(luite thoroughlj’^ in several Government bulletins with which ho has been con- 
nected. ' 

In the world of industrj' the action of a hard water upon soap consumption 
has been known for c(*nturies, and for a considerable period of time the value of 
a waU'r was determined largely by the amount of soap that it would consume 
and render insoluble. This same liardness has a noticeable effect in the textile 
industry, in bleaching and dyeing, in the canning industry, e.specially when the 
water supiily contains such substances in large quantities. In the photo- 
graphic industrj" the presence of cldorides in water and certain alkalies is a source 
of considerable trouble, and in every case, before any intelligent effort can be made 
to overcome these troubles, a complete analysis of the water is necessary. 

It shall be our purjiose in the methods wliich follow to give, where it is possible, 
first a sj'stcm of analysis whereby a complete analysis can be made, and to follow 

‘ Water Supply Paper 274 and 254 (Supplement). 
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this up with optional methods which, individually, are equally as good as those 
occurring in the system of analysis, and in some cases more satisfactory where the 
laboratory has the required equipment, adding any special methods which may 
be found available. 


SANITARY ANALYSIS 

A sanitary analysis consists in the physical examination covering turbidity, 
color, odor and occasionally taste, the chemical analysis for total residue, loss 
on ignition and fixed solids, noting, where possible, the odor during ignition 
and also noting the appearance as regards color of tlte residue both before and 
after ignition, the detennination of free and albuminoid ammonia, nitrogen 
as nitrite and nitrate, chh)rine as chloride and oxygen consumed. Organic; nitro- 
gen is frecjiiently determined upon polluted waters. 

In sanitary analysis the principal determinations relate to the various forms 
and compounds in which nitrogen appears. 

Organic Nitrogen. The initial form can be determiiu'd as such, or .as is 
usually the case in all but highlj' polluted .supplies, as all>uminoi(l ammonia which 
gives a very close approximate. By de<‘om posit ion the organic matt(*r first gives 
nitrogen as fire ammonia, then, by oxidation, nitrogen .as nitrites, and finally tl.e 
more stable form of nitrogen as nitnib'S is reaclu'd. Conversely tlie reactions are 
frequently revt ised through the influence of bacteria and mi<;roscopic organisms. 

Chlorine is det<'rmincd and by its excess over the normal chlorine of a gcaieral 
district may indicate previous sewage contamination. 

Oxygen Consumed, or “ oxygen reejuired,’' means the amount which c.arbo- 
nac(‘ous organic compounds pre.sent consume in the presence of potassium perm.an- 
gan.ate and acid. From these figures additional evid«MU*e is obtained .as to the 
sanitaiy eharact«‘r of a water, though many ph;uses of interference can occur. 


PHYSICAL TESTS 

I’or the physical examination, standanls for turbidity and color have been 
adopted. 

Turbidity. Turbidity stand.ards are b.ased on parts per million of silica (SiO,) 
suspended in water, and the adopted standard is that of the United States (Jeo- 
logicid Survey (A. 1*. 11. A., p. 4). A water with .a turbidity of 100 i.s otic 
which has 100 p.p.m. of silica (SiO,) in such a state of fineness that a bright 
platinum wire I mm. in diam('t<'r can just be scam whcai ecmter of said wire is 
100 mm. below the surface of the water .and the observer is 1.2 meters above 
the wire. The observation must be in open air, not in .sunlight, and in the; middle 
of the day. Standards arc prepaml with precipitated fullia‘’s earth (to ]mu«s 
200-mesh sieve). One gram to one litcT of distilled water makes a stock solution 
with KXK) turbidity. Standards for comparison arc obtained by dilution. 

The Illinois Water Sujjply Association outlines another method (Proc. 
I. W. S. A., 1914, i)p. 49- .'ll), whereby a suspension is prepared by shaking silica 
(SiO,) or fuller’s earth (ground to pass a 2(X)-mcah sieve), settling for ten liours, 
and determining by evaporating and weighing the amount of silica (SiO,) in a giv<*n 
portion. Standards arc then prepared by dilution. 

Color. All saspended matter should be removed by filtration. The standard 
designated as color 500 is obtained as follows: 
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1.246 grains potassium platinic chloride (PtCl 42 KOl)‘ containing 0.5 gram 
of platinum and 1 gram crystallized cobalt chloride (CoCljGHtO) containing 0.25 
gram cobalt (Co), arc dissolved in water with 100 cc. hydrochloric acid and made 
to one liter with distilled water. This solution is diluted with distilled water for 
comparative purposes, but a water with a color greater than 70 should be diluted 
prior to comparison. The standards for observation should bo in 100-cc. Ncssler 
tubes with the mark 20-25 cm. alwvc tlic bottom and should be viewed vertically 
downwards to a white reflective surface. 

Standard gla.ss disks arc used by the United States Geological Survey * in place 
of the above standard. 

Odor. Observations should be ina<lc both on cold and hot samples. Note 
should be made immediately on opening containers as some odors arc very tran- 
sient and rapidly disappear. 

Cold. Shake sample violently in collecting buttle, same to be about half full. 
Remove glass stopper and smell at neck of bottle. 

Hot. Use either open beaker, 400 cc., containing 150 cc. sample well covered 
and heated nearly to boiling, or sealed ghiss stoppered bottle or saponification 
flask, hoaDiiig fifteen minutes just under boiling. Allow to cool slightly, remove 
stoi)per, shake and smell, designate odor as aromatic, grassy, earthy, musty, 
fishy, putrid, disagreeable, i)eaty, sweetish, etc. The following table expressing 
int(M)sity of odor is copital from the American Public Health Association Standard 
M(‘lhods, lOlM, p. 12: 


Niiniorifal 

Viilm*. 


A|>pio\itiia(p Drfinilioii. 


0 


Nom\ 


No odor ]MT(^uptiblc. 


1 

2 

3 


\'ury An odor (h:tt would not ho doteutod ordinarily hy tho avoniKO 

(•onsuinor, but that rould bo dotootod in tho laboratory by 
an (iX[)(Tioncod obsorvor. 

l^aint. An odor that tho ronsumor niisht dotc^ut if his attontion wore 

oallod to it, but (hat would net attract attontion othorwiso. 


Distinct. 


An odor that would bo dotootcjd roudily and that iiii^ht cause 
the NNiitor to bo regarded with disfavor. 


4 

5 


D(?oided. An odor that would force itself u)>on tho attention that might 
make the water unpalatable. 

Very Strong. \n cnlor of such intensity that tho water would be absolutely 
unfit to drink. A term to be used only in extreme 
cas('s. 


Taste. May be made on hot and cold samples. A siinj>lc statement following 
largely the terms applied to odor in expressing results, brackish, astringent, salty, 
sweetish, etc, 

^ Caro should be taken that this bo the bright yellow platinic salt, and not con- 
taminated with the reddish nlatinous salt. 

* App. made by Builders^ Iron Foundry, Providence, R. I. 
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CHEMICAL TESTS 
Free Ammonia 

Apparatus. The apparatus for this determination should be as far as p<>s- 
sible free from joints or connections that are subject in any way to out^de 



contamination or to decompoMtion. The apparatus is composed of a distillation 
anct a Condenser, with possibly a safety tube located somewhere near the flask 
to avoid the possible carrying over of impurities in coimection with the steam. 




WATER ANALYSIS 


637 


Reagents. 1. Ammonia-free Water* 

2. Standard Ammonium Chloride Solution. Dissolve 3.82 grams of ammo- 
nium chloride in 1 liter of distilled water. Dilute 10 cc. of this to 1 liter with 
ammonia-free water. 1 cc. =0.00001 gram of nitrogen. 

3. Nessler*8 Solution. Dissolve 50 grams of potassium iodide in the smallest 
possible quantity of cold water. Add a saturated solution of mercuric chloride 
until a faint show of excess is indicated. Add 400 cc. of 50% solution of potassium 
hydrate. After same has clarified by sedimentation, make up to 1 liter with 
water, allow to settle and decant. 


Optional Method. Dissolve 61.75 granis of potiissiuiu iodide in 2.'50 cc. of redis- 
tilled water, and a<ld a cold solution of mercuric chloride which hixs been saturated 
by boiling with excess of salt. I’our in the mercury Sfdution cautiously, and add an 
(unount just suflicient to make the color a jHjrmanent bright red. With a little 
practice the c.xact depth of color can be easily duplicated. It will take a little over 
4(K) cc. of the mercuric chloride .solution to rc;ich this end-point. Dissolv'O the red 
precipitate by adding exactly .7.5 gnim of pot;issium ioilide. Then a«ld 150 grams 
of potassium hydrate dissolved in 250 cc. of water. Make u)> to I litiu. Mix 
thoroughiv and allow the j)recii»itate formed to settle. Pour off the su|>ematant 
liquii iVlcn'uric chloride increases the .sensitiveiuiss and ])otassiuin iodide decreases it. 


Operation. Clean apparatus thoroughly as follows: 

Fill a llask, Avbich for most satisfactory results sliould bean SOO-cc. Kjeldahl 
flask, with .'itM) cc. of distilled w.ater. A<I<1 a i)inch of e.p. sodium carbonate and 
distill first of all with no running wat<T in the cond(*nser jacket until frc*e steam 
blows through the apparatus. Then turn on cond<'ns(!r water and distill off 
appro.ximalely 250 ec., testing the last 50 e<!. with N(‘Ss1(t’s solution, and this 
portion should not show color in fift<‘en minutes’ time. The flask is then emptied 
(»f the remaining Avat»*r, .5(K) ec. of the water to be analyzed placed therein, ami 
if acid, neutralized with e.p. sodium cjirbonate. A slight <ixcess hurries the 
ammonia liberation but also tends h> cause bumping. ’^Plu' distillation is then 
started, distilling () cc. to 10 cc. per minute, ami tliree sep:irat(‘ ])ortions of .'>() cc. 
each are c.aught in Ne.ssler jars. AOer 150 ec. is di.stilh'd the flame should be 
removed. To each .50-cc. portion .•old 2 cc. Nes.sler’s solution and after teti 
minutes’ standing compare with standards from the standard ammonium chloride 
solution. 


Albiiminoid Ammonia 

Reagent. 1. Alkaline Potassium Permanganate. Di.s.solve 2(K) grams of 
potiissiuni hydratti and S grams c.j). ]jotassium pt'nnanganate in 12.50 c(!. of 
watc^r, boil down to 1 liter and bottle while still wann. 

Operation. Ad<l 50 cc. alkaline potassium permanganate solution and several 
pieces of washed and ignited pumic<; to the water remaining in the Ihisk frtun the free 
ammonia determination and continue the distillation, taking off four or five 
separate portions of .50 cc. each in Kessler jars. Add 2 cc. Xessler’s solution 
to each and after ten minutes standing compare color with statidard as in the free 
ammonia determination. 


Organic Nitrogen 

While this determination is not usually matlc wo give it for the sake of com- 
pleteness. 

The portion of sample from the free ammonia determination, or a new por- 
tion freed from free ammonia by distillation, is acidified with 5 cc. C.P. sulphuric 
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acid (iiitrogcn-fm') ami digested in a hood until eolorleas and II-SO* fumes are 
given off. A little ignited pumice will guard against bumping. Ibiiuove from 
flame, add j>otassium permanganate in small portions until a lioavy gnM'uish 
precipitate persist^?, cool, dilute with ammonia-free water, neutralize with 10% 
Na*COj solution (NIIj free), distill into Ntissler tubes and compare as in free and 
albuminoid ammonia. 

Permanent standards ' can be made using potassium platinic chloride, 2 grams 
dissolved in water, 100 cc. strong hydrochloric acid and made to 1 liter; and 
cobalt solution, 12 grams cobaltous chloride (CoClU GH^O) dissolved in distilled 
water, 100 cc. strong hydrochloric acid added and made to 1 liter. The follow- 
ing table represents the amounts used, to be made to 50 cc. with distilled water 
in Nessler tubes for comparison, the 150-cc. mark being 20-25 cm. above the 
bottom, but should be checked against Ncsslerizcd standards and the Nessler 
solution modified, if necessary, until the stondards agree. This is accomy)lished 
by varying t!'e amount i of pota.ssium iodide and mercuric chloride. 


Kqilivult'iit 
of Stuiidiirii 
Ammon mm Cliloricli*, 
c*o. 

Plat ilium iSoliition, 

C*«i 

Cohalt Solution, 
vv. 

0.0 

1 .2 

0 0 

0.1 

1 8 

0 0 

0.2 

2 S 

0 0 

0.4 

1.7 

0 1 

0.7 

r>.o 

0 2 

1 .0 

7.7 

0 r> 

1 .4 

0.0 

1 1 

1 7 

11.4 

1 7 

2 0 

12 7 

*> •> 

2 r> 

ITi 0 


.S 0 

17 2 

4 r> 

T) 

10 0 

n 7 1 

4 0 

10 7 

7 l ' 

[ ri 

10 0 

s 7 

fi 0 

20 0 

10 1 

i\.i) 

20.0 

ir> 0 

7 0 

20.0 

22 0 


Nitrogen as Nitrite 

Reagent. 1. Sulphanilic Acid. l)i.s.s<ilv('<S grams of the acid in I liter of a<;etic 
acid, specific gravity 1 .04. This is practically a saturated solution and keejjs well. 

2. Naphthylamine Acetate. Dissolve 5 grams of a-naphthylaminc in 1 liter 
of acetic acid, specific gravity 1.0 f, and filter through absorbent cotton (previ- 
ou.sly wjished). 

Notk. a slightly pink color re.vulting on simnling docs not materially interfere 
with the use of this solution. 

3. Sodium Nitrite Solution. Di.s.solvo l.l grams of silver nitrite in nitrite-free 
water. Precipitate the silver with sodium or pota.ssium chloride solution and dilute 

‘ Permanent Standards (Jackson, Tech. Quart., 1900, vol. 13, p. 320.) 
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to 1 liter. Dilute 100 cc. of this solution to 1 liter and then 10 cc. of this second 
solution to 1 liter with sterilized nitriUi-frce water, adding 1 cc. of chloroform 
and holding in a sterilized bottle. 1 cc. =0.0001 inilligrain of nitrogen. 

Operation. Take 100 cc. of the water after filtration and clarification, 
preferably with aluminum hydrate, to remove possible suspended iron and ma- 
terial which might interfere with color production. Add 2 cc. each of solutions 
No. 1 and No. 2. After ten minutes’ standing compare with standards made up 
from the standard sodium nitrite solution (No. 3). 

Permanent Standards 

Cohalt Solution. Dissolve 24 grams of cohaltous chloride (CoCl» *611*0) in 
distilled water, add 100 cc. of strong hydrochloric acid and make up to one liter 
with distilled water. 

Copper Solution. Dissolve 12 grams of dry cupric chloride (CuCl* *211*0) 
in distilled water, add 100 cc. of strong hydrochloric acid and make up to one liter 
with distilled water. 

The standards are used in 100-cc. tubes with the mark 12-14 cm. above the 
bottom. The following table gives the proportions of each .solution to be made 
up to 100 cc.; 


<*r. Soliilinn. 

re. Coppor Soluflon 

p.p.rii. Nitrile per 
100 re. t,t Water. 

.0 

.0 

.(HK) 

1 1 

I.l 

.001 

3 Ti 

3 0 

.im 

(i 0 

5 0 

.(m 

12 r> 



8.0 

.010 


The solutions to use for 100 c<*. of water an; llie ohl ones, jus follows: 1 cc. 
of hydrochloric Jicid (1 : 4), 2 cc. of sulphanilic acid (8 grams per liter), and 
finally 2 cc. of nai)hthylamine hydrochloride (8 gnuns per liter with 10 cc. of 
strong hydrochloric, acid), and idlow color to d<;v«‘lop twenty minutes. 

Note. Volutno 28, j’age 742, .7. Son. Chcin. Iiid., calls jittention to the possibility 
of a perinanent standjird cotiii>oscd of a solution of Jicid iiuigenta (fnch.sinc-S^ acid 
fnchsine Jicconling to Weigert). According to this Jirti(;le, 0.2 of ii gniin of this dye 
is dis.solved in 50 cc. of 2/N 11(4 .and made uj) to 20(X) cc. with distilled wjiter. Of 
this solution 2(M) cc. are ini.\e«l with .50 cc. of 2/N llCl and again diluted to 2000 cc. 
with distilh'd water. I’rom this latter solution staiidiird solutions can be prejiarcd 
containing VJiriou.s cpiantities, th('.s<* stjindards being made up to 200 cc. with distilled 
wjiter after thea<ldition cf 5 cc. of 2/N IK4. Ootusidemble work is lieing done on this, 
but the standjinls luive not yet l)een jiccejited in this country. However, standards 
can be nnulc by mattthing these s<ihitions jigjiinst standartls jjreparcd in the usual way 
and their ixjnnanence is much greater than such standards. 


Nitrogen as Nitrate 

Phenolsulphonic Acid Method 

Reagent. 1. Phenolsulphonic Acid. Dissolve 25 grams of pure wliite phenol 
in 150 cc. of pure concentrated sulphuric acid, add 75 cc. of fuming sulphuric 
acid (13% SO,), stir well and heat for two hours at about 100“.*^ 

‘Jour. Amor. Chem. Soc., 33, 382, 1911. 
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2. Ammonium Hydrate I - 1 . 

3. Sodium Carbonate. 10% soliiticjn «)f anhyclroiis Na^COj. 

4. Standard Nitrate Solution. Dissolve 0.72 Khalil pure or C. P. poisussium 
nitrate in 1 liter of distilled water. Kvaporale (tarefully 10 ee. of this solution 
on water bath, moisten thoroughly with 2 ec. of solution No. 1 and dilute to 1 
liter. 1 cc. of this =0.001 iiiilli{;ram of nitroffen. 

Determination. (Carefully evaporate KM) ee. of water after the addition of 
2 ce. of sodium carbonate solution. Aftc'r this evaporate to drjun'ss, eool atul 
add 2 cc. phenolsulphonic aei<l (No. 1), mixing w('ll witli a glass rod. Dilute 
with 25 cc. of distilU'd watcT ami add an excess of ammonium hydrate, making 
up to 100 ec. volume with distille<l water. 

The dilute solution is tlu-ii cornpan'd witli the standard solution. 

Notks. When the chlorid<*s .are over KK) j>arfs j>er million in the original sariii>le 
they should l>e removed with the addition of silvaT sulphate in the solid form and the 
water should be filtered prior to ev'aporation. It is for this re.ason that ammotiiuni 
hydrate is used to develop the color instead of potassium hyilr.ate, which is frerpiently 
recommended, as a slight exce.ss of silver .suljdiate will n‘sult in a dirty ]»recipitatc when 
using potiussium hydrate, whereas the u.s(» of ammonia h.as no efTe<’t. Purthermore, 
the filtration of a turbid nitrate solution <loes not result in a .satisfactory color, as 
w'ould be the Civse without filtration. 

Per/wanen/. slnriflards can be ma<lc by proeedui’e given on jiage .539, or stand.arils 
can bi! iiiiule using tripotaissium iiitrophenohlisulphoiiale. 'I'lie following metlual is 
given in an article in the .1. Anu'r. f’hem.Soc., \'oi. .33, ])p. .3.sl-3.sf: 

'Phe tlu'oretical .amount of powdered )»otassiuiu nitrate is ailded to the disulphonic 
acid regent in small i)inches at a time (for each ce. of reagent 0.1070 gram KN().i), 
stirring thoroughly after each addition. 'Phe ])roduet is then tliluted, treated with 
«lry barium carbonate to a deep yellow color, filtered and the jirecipitate wa.shed with 
Imiling water t.o renuivc the baritim salt which is but slightly solubh* in cold wat(‘r. 'Phis 
extracition must be thorough. Filtrates and wsishings are united, the b.arium removed 
by the ad<lition of potassium c.arbonate until alkaline, the solution filtered and the 
nitrate concentrated and (Tysballized. The solution itmy then be easily purified by 
crystallization. In jirejiaring the standards, however, solutions made from known 
amounts of nitrate standards will mutch up with this recr^’stallized solution, and by 
means of proper dilutions the series of stananrds e,an be made. Standards made this 
way will last for many months, whereas standards made from the standard nitrate 
solution are apt to lose value in a month’s period and should be made up very frequently. 

Optional Method — Aluminum Reduction ^ 

Reagents. 1. Sodium or Potaesium Hydrate Solution. Di.s.solve 250 gram.s 
of the hydrate in 1250 ec. of distilled water, aod several strips of aluminum foil 
anti allow action to pa.ss overnight. Hoil down o 1 liter. 

2. Aiuminum Foil. Use strips of pure aliimrium approximately 10 cm. Itmg, 
9 mm. wide, and i mm. thick, same to weigh about J gram. 

Operation. 100 cc. of water is placed in a .300-cc. casserole. Add 2 cc. of the 
hydrate solution and boil down to about 20 cc. Pour the contents of the ctusserole 
into a test-tube about (> cm. long and 3 cm. in diameter and of approximately 100-cc. 
capacity. Rinse the ciisserole several times with nitrogen-free water and add the 
rinse water to that already in the tube, thus making the contents of the tube 
approximately 75 cc. Atltl a strip of aluminum foil. Clo.se the tube by moans 
of a rubber stopper through which passes a A-shaped gla.ss tube about 5 mm. 
in diameter. Make the short end of the tube flash with the lower side of the 

' Univ. of Illinois Bull. Water Survey, Series 7, p. 14, 1909; Amor. Jour. Pub. 
Hygiene, 19, 636, 1909. 
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nil)l)or .stopper while tiu* other end extends below the .surface of distilled water 
contained in another test-lube. This apparatus serves as a trap tlirouph which 
the evoIv('d liydroKcn escapes freely. Thii amount of ammonia escapinf^ into 
the trap is .slight and may be ncfrleebsl. Allow the action to proceed for a mini- 
mum period of four hours, or ovtTiuKht. Pour contents of the tube into a distil- 
liiiK flask, dilute with 2.oO cc. of ammonia-free water, distill and collect in Ke.s.sler 
tubes and Ne.s.sh>rize. When the nitrate content is high, collect the di.st illate in 
a 2()0-ce. flask and Xessh'rize an alicpiot portion. If the sui)ern}itant liepiid in 
the reduction tube is clear and colorless, the solution may be diluted to a deliuitu 
volimio and an aliquot ])art Ne.ssleriml without distillation. 

Notk. Where the nitrates are v«“rv liigh, from .'iO parts jier million up, note 
a<ldilional method givcsi under the luvid of Nitnite Determination in Mineral Analysis 
of Water. 


Oxygen Consumed 

Reagents. 1. Standard Potassium Permanganate Solution. Dissolve 0.4 
gram (’.P. salt in 1 liter of dustilled water. 1 ce. is ecpiivahuit to 0.1 milligram 
available* o\\gen. 

2. Standard Ammonium Oxalate Solution. Di.s.solvo O.SfSS gram (\P. 
ammonium oxalate in 1 lil<!r of distilled water. 1 ei*. is eciuivalent to 0.1 milli- 
gram of o\\gen. 'Phe st.andard i>ermangan{ite solution must be stiindardized 
against the ammonium oxalate solution. 

3. Dilute Sulphuric Acid 1-3. 

Operation. 100 ce, of watc'r are measured into a 4.’)0-(s-. Erlenmeyer flask, aci<l- 
ified with .*> cc. dilut<‘ .sulphuric acid. Ten cc. of standard permanganate solution 
is run in from a burette and the flask i.s placed in a b.ath of boiling w’ater, the level of 
which is above the level of the fla.sk contents, for thirty minutes, lieniovc. A<ld 
10 cc. of standard oxalic solution and then determine the excess wuth the standard 
pennanganate solution. Detluct from the total permanganate solution used the 
10 cc. of oxalic acid, and the remainder represents oxygen consumed. For par- 
ticularly bad waters smaller quantities of the sample are taken and diluted to 
100 cc., as it is undesirable at any time in the course of boiling that the pink 
color of pennanganate be completely discharged. 

Chlorine as Chlorides 

Reagents. Standard Salt Solution. 10.48 grams fused C.P. sodium chloride 
are dissolved in 1 liter of distilled water. 100 cc. of this solution diluted to 
1 liter gives a standard solution, each cc. of which contains .(X)l gram of clilorine. 

Standard Silver Nitrate Solution. 4.8 grams dried silver nitrate crysUils 
are dissolved in one liter of distilled wat<*r. Ji]ach cc. of this solution is etjuiva- 
lent to aiiproxitnaicly .001 gram of chlorine, standardized against the Standard 
Salt Solution. 

Notk. N/.'50 solutions of both sodium chloride and silvt*r nitrate can be used 
where it is ineonveiiiont to make too many standard solutions, using the pro]>er factors. 

Potassium Chromate, Ten per cent solution lU'Utral {jotossium chromate. 

Notk. A. P. H..\., i)ag«? 43, recommends !i ])er cent solution of neutnd jioti^iuin 
chromate, adding after solution of the ery-stals in sv hnv ce,. of water, sufficient silver 
nitrate to produce a slight red precipitation. This is filtered off, and the filtrate 
made up to volume. , 



542 


WATER ANALYSIS 


Operation. 100 cc. of the sample are titrated witli silver nitrate solution, 
using 1 cc. of the potassium chromate as indicator to tlu^ first j)ersist('neo of 
the silver chromate red. Subtract 0.2 e<;. blank from the reading. A Avliite 
porc«‘lain dish or casserole is the preferable container, although a flint-glass beaker 
over a white porcelain plate may be us<'d. Where a chlorine is high ami more 
than 15 cc. of silver nitrate is used, a smaller sample (50 ee. or 25 ee.) should lx; 
taken and distilled water added to bring the* volume up to a])proximately 100 ee. 
If the original water is notie<'ably cohm'd, 25 to .‘10 by staiidanl, it may Ixi 
{leeolorized by adding pn'cipitatecl aluminum hydrati*, bringing to a boil and 
rdtering. Titration must always Ixi made in the cold, however. 

N<»tk. Precipitated aliiinirunti }iy<Irate is prt'ixired by <li.ss«>lviiig potash in 

watcT, i>rccipitating by adding carefully atninonia and washing in a large j.ar with 
distilled water, by ilecaiitatitin, until fr<‘e from chlorine, anunoni.a, aiul nitriles. _ .\n 
acid water should first Ixt iieiitraliKed with so<Iiuin carbonate! and :i wat(‘r containing 
free hydratc*s should Ix! in*utrali/.<*d with sulphuric, aciel. When* spcci.allv ace-iiratc 
work is d<*.sireel, obse'rvations iii.ay lx; ni:uh. ill a elark nxxn with a yclii w light. 
(A. P. ir. A., page* 4t.) A y<*llow phedogniphic glass may bo used in daylight and .at 
night the ordinary carbon filament electric light. 

Total Solid Residue 

Evaporate .50 cc. to dryness, in a platinum dish, at about 270“ Fahr., jind 
bake for at least 30 minutes at that temperature. An ordinary water-bath 
temiK*rature will not remove tvater of crystallization from alkali sulphates or 
calcium sulphate. Where water is high in magnesium salts, as deti'rmined in 
initHTal jinalysis, the water-bath temp<*rature is inonj satisfactory, chu! to the 
readine.s.s w'ith which magnesium chloridi; and frcximmlly magix'sinm carbonate! 
will tlecompose to oxide. Asa rule, however, a temperature from 240° to 270“ 
meets most of the conditions. 

Weight to tenths of milligram times 1 KiS^grs. per gah t'd.al .solitls. 

Weight to tenths of inilligram times 20, 000 = parts per millio'i total solids. 

llesidues from acid waters should be ignited to a dull red heat after addition 
of a drop or so of sulphuric aciil, to insure complete removal of the acid itself, 
w’hich w’ill not go off at the temperattire stated. This will re.sult in the decom- 
position of all iron compounds to the oxide form, and aaIII fi.x all salts, linn*, mag- 
nesium, sodium and potassium, in the sulphate form, and correction should be 
made for chloridt's present, which w'ould Ix* convert«*d into suli)hate. 

Waters high in magnesium salts should be evaporated at the first sp«*eified 
teniperature, adding, howi’ver, a h'W cc. of ,50 normal s<xlium carbonate 
solution to insure a slight excess of sodium carbonate*, eorr(*cting for the Aveight 
of sodium carbonate added. Where the waters contain much organic matter 
afb'r weighing, they may Ix* vc*ry g<*ntly ignit(‘d at a \'(*ry dull r(*d Ix'at until the 
carbon hiis been buriu'd off. Aft(*r eexeling, the r(*sidue may be reearbonated with 
tested ammonia carbonate solution, .-md again dried in the usual way. The differ- 
ence in weight after titrating feu* ]MJssibIe loss of chlorides, due to volatilization, 
gives a ch)sc! approximation of the organic matter present. Similarly, waters high 
in magnesium chloritle (*r nitrate compounds may be evaporatetl with a few 
drops excess of sulphuric aciid, and ignit(*<l to a dull red lx*at, the r(*sidue b(*ing 
compared, avIu'h* a comjdete analysis is mad(*, with the sum of all bases calculatecl 
to the sulphate form. This is sometimes mure conveuieut and satisfactory tiiau 
the evaporation with excess sodium carbonate. 
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INTERPRETATION OF RESULTS 

Th(' intorjiretalioii i)f tin* results t)f ii sanitarj' water analysis is largely a matter 
of exi)eri(*nce, and it is iinixissihle to lay down hard and fast rules covering this 
ono matter. It is, Jiowev<T, jjossihh; to sum up the meanings of the various 
d(!termi nations made, as each d<‘termina(ion has some hearing upon the sanitary 
condition, 

111 jiliysieal data I Ik; turhhlity refers to insoluhle matter in suspension. In 
many cjises it is perfectly harmless, although less attractive, and freiiuently 
suggests I'ontamination, which is as apt to lie iiresent lus not. High turbidities, 
following rain storms or lake oviT-turnings, are usually accompanied by II. coli, 
the intestinal organism, in considerable (luantity. The turbid AvabTS of the 
West may cause, stomach trouble, until a person is accustomed to them. Color 
is du(*, usually, t.») !in extract of veg»‘t.:d )le or organic matter, or to iron salts, 
and in itself has no value save sugge.sting organic contamination. Highly coloroil 
water may have an astringent tasl<‘, ainl is not lookc'd u])on with fav«n‘ by the 
consumer. It may <*aiise corrosion in pipes and boilers. 

Various organic matters are in no way ilebrnnineil in this analysis, tin; n'sults 
obtjiined being simply indica.tion.s of cc-rtain cych's in decompo.siti»ni of nitro- 
genous mat(‘rial, as no d(>composit ion can take place* without some resulting 
nitrogen compound, h’n'e ammonia repre.sents the first stage in this elecom- 
position, ami represi'iits tlui amount of organic matt«'r ])re.sent in a partially 
decompose'd and decomposing state. Deep wells in glacial drift freejuently also 
contain high ammonia, however, which would in no way suggest active con- 
taminat ion. 

Albuminoid ammonia represemts organie* substances in jin undecomposed state, 
which will, howeve'r, decompose under the proper c.onditions. The presence of 
nitreigen in such cennbiiiation in large amount usually sugg(*sts the presence 
of pollution of a sewage character. Ibm-ever, its ])re.sence usually accompanies 
and A'aries in amount with tin? color and with the n.icr.)scoj)ie organisms. 

The next stage in the cycle is nitrogen as nitrites, indicating that decom- 
position is actively progressing. Nitrite in surface water may indicate con- 
tamination when in considerable (piantity, but in ground ivater is absolutely of 
no significance. (I’roc. Am. W. \\'. Assoc., H)()<S, page 323.) Its presence is 
due to the action of c(‘rtain typ<’s of bacteria either as a product of oxidation 
from free ammonia or as a jirodiict of reduction from nitrate. Ferrous com- 
pounds have also a bearing on such reduction. 

The final slate of de«-omposition is nitrogen as nitrate. This indicates the 
fact that at some tinu! in the jiast organic m;itt<'r has been present. Its presence 
indicates a ]nirifie<l water. In large amounts it may cause itching in sensitive 
persons. It is an important cause of coiTo.sion in pipes and boilers. 

The oxygen consumed represents the amount of oxygen required to oxidize 
organic matter already in the ivater. It lias a bearing iifion the organic matter, 
but there are many inoi’ganic substances which also tlischarge the color of the 
pcmianganatJ? solution, and the result should always be considered in the presence 
of the other detenninations. 

(’hlorine as chlorides, if above the nonual figure for any definite location, 
is a fairly good indication of sewage, as it is one of the most constant and prin- 
cipal const ituents of sewage. 

The total ix'siduc itself should not be too high, as an excess of inorganic 
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materials would stamp the water unfit from an industrial point of view, and also, 
from the standpoint of the individual, miuht make it unsatisfactory as a ilrinking 
supply, for daily consumjition. 

With reference to standards of purity, it is impossihh? to maki; absolute 
standards. We ijuote as a malfer of interest a table published by the State of 
Illinois, giving their suggested limits of im])urities for supplies in that State. 
(The nuuarks which follow are those of the State (Jeological Survey.) 



Liik.- 

MidiiKun. 

Siroiiins. 

1 

S])rinK.s 

and 

Shalltiw 
WrlN. 1 

1 

! Drifl. 

i 

1 1 

l)iM‘p Hock 
WcII.s. 

Turbidity 

Non(‘ 

10 

None 

None 

None 

(k»lor 

Noik' 

2* 

None 

N one 

None 

Odor 

None 

None 

N( n(‘ 

None 

None 

Residue on Kvai)oration. . . 

loO. 

:ioo. 

500. 

500. 

500. 

Chlorine 

4.5 

0. 

15. 

15. 

5 -100 

( )xvgen consumed ! 

Nitrogen as: 

i 1 W 

1 

5. 

*2 

2.5 

I 2 -5 

Free Ammonia 

.01 

.05 

.02 

.02 

.02 

Albuminoid Ammonia. . 

.OS 

.15 

.05 

.20 

.15 

Nitrites 

(M)0 

OtH) 

.000 

005 

.000 

Nitrates 

,04 

.5 

2.00 

.50 

.5 

Alkalinity 

120. 

2(H). 

:ioo. 

:ioo. 

:u)0. 

Racteria ))er cc 

100. 

500. 

500. 

100. 

100. 

(k)lon bacillus in one cc... . 

Abs(*nt 

Absent 

1 

Absent 

Absent 

Absent 


♦Mutlifu'd Nfsslcr or Natural Wiitrr Statidanl imhuiI ]» platinum saah*. 


The forniatidii of ;i misoiRihlo and just opinion rej^ardinj^ the wholosoincncss of a 
water requires that there be taken into consideration all tlie dnta of the analysis, 
tost‘ther with the history of the water; the luiture of the source; character of the soil 
and earth or rock strata) and the surroundings. The inter) )retation of results is a.task 
for the expert, 

("hlorinc is the most permanent element shown in water analysis, as it is never 
removed from water by any changers or processc's of ])urification. Salt deposits, how- 
ever, in the soil must also be taken into consideration. 



WATER ANALYSIS 


545 


MINERAL ANALYSIS 


Outline of Procedure 


50 (5c. (Certified i)i]iettn or buret(e) evaporated to drviu'ss at 270° !•’. in weiKhod 
]ilatinuin dish. Increased weight of tlis'.i represents tnlal Holid residue* 
(Can 1)0 used for iS()4 when sample is small.) Jifnito for orfranie. loss. 


250 cc. Titrate with X/IO acid or alkali for alkalini y or acidi y. (Can he n'-nse<l 
to make un volume of 5(K)-ee. portion wlaai water .sample, is .small.) Methyl 
oraii}>e indicaior. 


100 cc. 'I'itrato with N/h) for chlorine. 

100 ec. Acidify, hoil, pn'cipitate with HaClj, filter and w(‘ish lor total sulphate, 
(Use liltnite for Na ami K when nee<‘s.sarv.) 


100 cc. Add 2 ee. 10% N;v.C()3, evaporate to dryneS'S, add phenolsniphotdc aeid, dilute, 
then excess ot XlhOII for total nitrate. 


600 cc. Kvajjorate to dryness (with a few ee. eoneentrated IK’l when very aeeurate 
SiO'j tiffure is m'eessiiry) in No. S If. H. dish, hake (10 minute.s, e«H)l, add 
boiling IK'l (concentrated), dilute .and filter. 


Precipitate is 
ami silicate 


Sioj 

iiii- 


Fillrale. Add :i f«‘w dn»ps of JIN(^», coiicpiitnito to 50 cc., cool, 
add NIl4<)II, hoil and f M(t. 


puiiiu'h vaiMj 

HaSJ ‘4J. I 'nlcss 
great accuracy is' 
necessary, it^ 
s li o u I d he 
\\(Mgh(*das such, 
olherw ise Si( )/ 
can l/(^ reinov(*(li 
by 11 M and cor- 
rection made. 


I’recipilate (Fc,Al, 
Idios. ) may lx* n*- 
ported as such or, 
as Ke and A1 
alter (^ual. t(*sl. 
for |)hospha(elias 
sliown same* to lx* 
absent. Other- 
wise both Fi* and 
l*h()s should be| 
d(*((*rmiiu*d andj 
weight c(»rr(*cl(*d 


Filt rate. Ihdl and add saturated Am, Oxalate 
drcjp by drop, bidl and filter. 

Free. Oa as Filtrab*. Mg (and Mn) a<ld 50 cc. 


oxalate, , 
dry, iguit<*j 
and w(»ighi 
as (\*iOoJ 
or ( aO. 


concentrated Sod. Fhos. Solu- 
tion, then 50 cc. NII4OIT, stir 
well ‘J minutes, or more, let 
stand 4 hours, or more, filter 
and wash with \\% NH4OH. 
Ignite and weigli (determine 
Mu separately and correct 
wh(*n n(*cessarv. 


Note. For industrial purpos(*s the original addition of JU.U is not ahvays 
necessary and correediou for jiaS04 Phos. Mn and separation of Fe and Al can 
be disp(»ns(*d with unless there is cause to sus])ect one to be present in material 
amounts. 
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In the matter of mineral analysis of water, it is not so hard to obtain a com- 
plete analysis of the water, ineiudinf; the* non-inerusting or “ nearly always ’ 
soluble mut(‘rials as well as th<5 inerusting materials, as it is to make numberless 
individual or ind<;i)end(‘nt tests, in tin* hope of drawing eonelusions from same. 
The scheme of anal 3 'sis which follows is used exclusivel.v in the writer’s labora- 
tories, and wheti carried out as given, makes it possible to complete analysis of a 
water, or a group of waters numbering up to ten, in the ]ieriod of eight hours 
elapsed time*, or twenty-four hours, as.suming the work is arranged in such a way 
that the magnesia i>recipitates are allow(*d to stand overnight before filtration. 
On another page will b<! found a skc'h'ton form for this complete analysis, and 
this skeleton will serve as a rough guide to the; jiiore e.vteuded discussion which 
will follow. 

The coitiph't<! anal,vsis consirlers the (plant it alive det(*rminations of silica, 
iron and aluminum, calcium, inagix'sium, sodium and potassium, as bases, and 
<!arbonate, hj'drate, nitrate, sulphate, chloride, and phosphate, as radicals or 
acids, with Hugg<*st(*d methods for manganese*, ammonia, barium, and other 
materials which might po.ssil)!^ la; present. 

Prior to the st.arting of the analysis, the j)hysical characteristics of the water 
should be noted, turbid watem should be filt.er(*d, tlu* suspended matter anal.vzed 
separately when nece.ssary, and the amount determiiu'd either by filtration and 
weighing of the sejiaratc'd material (alundum cones an; v(*iy satisfactoiy), or 
bj* the dilTerence! b('twe(*n two n'sidiies, one of which r('pr(*s('nts the original water 
and one the filt<*red water. Th<; mineral anal.vsis should r(*j)r(*sent the filterc’d 
supply. This is due to the difficulty of getting uniform samples with suspended 
niatt(‘r at different tinu's. 

Silica, Iron, Aluminum, Calcium, Magnesium 

(Manganese, Phosphoric Acid) 

Notb. If from qualitative ob.servationa the \vat(*r contains considerable mineral 
matter, smaller ((uuntitics varying from 1(K) to 2.')() cc- may be t.aken, or if the saiii]>le 
is apparently distiih'd or eon<ten.s(*d and contains v(*ry litile mincr:d matter, KKK) cc. 
should be tak(*n, the object being to ol>tain a residue neither too large nor too small. 
0.4 to O.ti gram is a good (piantily to work on. 

Silica 

I'lvaporate over five flame, th(*n on I-in. asbestos board, to dryness, 500 CC. 
original water, using a No. S ]Hireelain di.sh. Pake at 110-i;i()° C. or on 
asbestos plate over flame for one-half hour. Moisten with 10 cc. concentrated 
IKff, add 50 ec. of water, boil fifteen to thirty s(*conds and filter. Wash with hot 
water. 

Note. F<»r gr<*at accuracy, evai>orate t\vie(* to dryn('.«ia as above, with the addition, 
prior to the .saini)le g(Hng to dryness, of 10 cc. 11(51, allow to bake as above, following 
from th(*re on tin; usual pnaiodim* for filtration. 

The precipitate retained on the filter paper r(Jprc.souts the silica or siliceous 
nnatter, including i)ossibly barium sulphate. Ignite and weigh. 

Note. If the amount is over .01 gm. j>er liter, or K parts per million, moisten with 
a few drops of coiuM'ut rated sidphuru; acid and hydrofluoric acid, expel exc(*HS acids 
and reweigh. 'J'hi.s must be done in ):latinum. 'r'hc loss rei)rescnts silica, and sluiuld 
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bc! recorded as such, and the residue represents bases, iirineipally liariunij combined 
with sulphuric acid. 'I'liis will also catch possible calciuni sulphate that might be loft 
undissolviHl, due to short boiling, to low' dilution, or conditions which would prevent 
its normal solubility in the original solution. 

Iron and Aluminum (Gravimetric) 

The filtrate contains iron, aluminum, calcium, magnesium, po.ssil>ly manganese, 
and pluKsphale. llring to a boil, add two or three drops cone, nitric acid and con- 
centrate to about 25 cc. Jlemove from hot plate or flame, add ammonium 
hydroxide in slight exces.s, boil for one or two minutes, and filler. 

The precipitate contains iron, aluminum, and possibly pho.sphates. liurn and 
weigh as oxides of iron and aluminum, plus iihosphates, and te.st 50 cc. of the 
original water with treatment in the usual way to determine whether or not 
phosphates are pmseiit. Where this precipitate' of iron and aluminum oxides is 
greater than 0.01 gm. per liter or S parts p<*r million, or whi're the separation of 
the iron and aluminum is advisable, the pii'cijiitati^ should be fuseil with eight or 
ten times its weight of iiotassium bisuliihati', mlissolved in water, the iron reduced 
to the ferrous condition with zinc, and titrateil with potassium pi'rmanganate, 
ri'coriling the dilTerence in weight between the original precipitate and the iron 
determination as aluminum oxide. 


FeXl.4a = FeAv 

Notk. Where much water is available .and time is an object, an additional ."itM) cc. 
can bn carried clown to apjiroximately !>() cc. with a f(*w' drojis of nitric acid, the iron 
and aluminum ]>recipitated as above mentioned with ammonia, an<l tint preci]>itate 
before drying redtssolvcd in acid, reduced and titrateil with )>otassium permanganate. 
This portion can be started at the. same time, the original analysis is started, and will 
greatly simplify the determination and save time. 

Total Iron (Colorimetric) 

Reagents. Iron Standard. 0.7 gm. crj'st. ferrous ammonium sultduite is 
dissolved in a small amount of distilled water, add 25 cc. dilute (1-5) sul- 
phuric acid, w'arm slightly and oxidize completely with potassium ])ermangnnate, 
make up to JOOO cc. 1 cc. -O.I mg. Fe. 

Potassium Sulphocyanide. 2 ])er cent solution. 

Potassium Permanganate. 0.8 gms. per liter. 

Operation. Instead of precipitating, or where truces of Fe are. of impor- 
tance, 100 cc. to 1000 cc. of the water may be carried to dryness with llC'l and a 
few drops of Br, taken up w'ith 5 cc. (1:1) HCl, diluted to 100 cc. in a Ne.«sler 
tube, 10 cc. KCNS solution (20 gms. to a liter) added and the color compared 
with standards. The comparison should be made at once as the color fades. 

Notk. It is frequently as satisfactory to add the standard iron solution from a 
burette to a 100 cc. Ni>s.sler tube containing .5 cc. (1 ; 1) hydrechloric acid (Fe free), 
10 c'c. potassium sul]>hncyanide solution (20 gms. to a liter) and sutlicicnt distilled water 
until the color mutches that of the sam[)le. 

(Ferrous Iron — Colorimetric) 

(Fretiuently desirable in acid waters but rarely necessary.) 

Reagents. Iron Standard. 0.7 gm. cryst. ferrous ammonium sulphate is 
dissolved in one liter of distilled water containing 10 cc. dilute H2SO4. (Not 
permanent. Should be made up os netided.) 1 cc. =0.1 mg. Fe. 
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Potassium Ferricyanide Solution. (Prc'purc as nt'cdod.) 0.5 g. i)er 100 cc. 
distilled water. 

Sulphuric Acid. 1 : 5. 

X(m:. I’rejmre sample an«l stnudards at same time. 

Operation. Plaee iti 100 ee. Xes.sler jar 50 ee. of sample, 10 ee. dilute HjS 04 
(1-5), liltcT, if iiee<‘ssary, to remove su.sp(‘iided matter, add lo <■<“. ])()tas.sium 
fer?’ieyani<l(; solution and make up to JOO ee. mark with distilled water. 
('oinj)are with standards made as follows: 

Plae(* in 100 ee. Nessler jar 7.5 e<‘. distilUsl wal»*r, 10 ee. dilute IfaSO* (1—5) 
and 15 ee. potas.siuni ferrieyanide solution, and mix well. Add various amounts 
of iron standard fr*)m hun'tte, mi.x and eompare eolor. Determiia; ferrie iron 
by deduetiou of ferrous iron fiom total iron. 

Phosphates 

Reagents. Ammonium Molybdate. 50 gms. e.f). maitral salt dissolvt'd in 
1 lit<‘r distilh'd wat<‘r. 

Nitric Acid (spee. grav. 1.07). Dilnti* about I- 5 with distilled water. 

Standard Phosphate Solution. 0.5.‘{‘J1: gm. e.p. eryst. .\a..lll*()i, I'JlfjO. 
Dissolve in distilhal water, 1(K) ee. standard ll.\0,t addf'd. Dilute to 1 liter. 

O.ie ee. - O.OtKll gram 1»..(),. 

Operation. Evaporate 50 ee. water to drym'ss in poreelaiu aft(*r addition of 
3 ee. IlXOj (sp('e. grav. 1.07). Jtake two hours at 212" F. 'I'ake u|) with 50 ee. 
distilled water, add 4 ee. molybdate solution and 2 ee. lIXt ),i, and eom])ar(Mn 
Xessler tube with st.andards from i)ho.sphat(* .solution made to 50 ee. and treated 
with same reagents. A tube 2.5 em. by 21 em. to JOO-ee. mark of hard, white 
glass is most suitable.' Where waters are already eolored tlu* evaporation should 
be earned on with 3 ee. lIXOj ami 0..5 ee. («ir more, if w.'itc’r is highly eoloretl) of 
KMn 04 solution, (I gram j*er 1000 ee.), baking at 212" F. for the same time.“ 
WluTO the j)hosphate is ])re.sent it» large enough quantitk’s to precipitate the 
gravimetric metluals may be used. 

Calcium 

The fdtrato fioin iron, aluminum and |)hosphate precipitate contains calcium, 
magnesium, and ])o.ssibly mang:ine.se. (’oneentrate to about 100 ee. Add to the 
hot ammoniaeal soluti«)n a eoneentrated (.s-aturatisl) .solution of ammonium o.\a- 
late drop bj' drop, or add in small portions ery.stals of ammonium o.valate. Allow 
to boil two niinute.s, stirring, if neee.s.sary (on aeeoimt of heavy preeipitate and 
temdeney to bumi)), remove, lilter and wash. (Five complete washings are usually 
sulli<‘ient.) 

XoTK. Where great ae«uraey is desinsl, the pr.sipit.-ite on the filter should be 
redissolyed in a small amount <>f hot, dilute, hydrochloric acid aiul reprecii»itat.ed with 
aninioniuin oxalate. 

The calcium oxalate upon the filter i)ap»‘r eaji now be burned and weighed 
either as calcium oxide or ealeium carlainate. 

' J. .\in. C'hem. Sue., 23, •)(», I‘)01. 

* J. liid. and Eng. Cheui., 5, 301-2, 1013. 
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Note. Tlio burning «)f (‘alcMuni oxalato tc> rarboruito is not so difficult as it sooina, 
as iin intense lieat is neressiiry to convert it to tli«^ t>\ide, :iinl if the crueihle is well 
watched and tlie flame p:ives just suflieient hc*at to carbonize, and destroy the filter 
]>ai)er, there nn ill be no chance whatever of any cahaiim oxide beinj^ formed, or any 
calcium oxalate b(‘iiifi: l(»Ft. Where hypothetical combinations are used, it is very 
convenient to have th*' calcium as carbonate* without cahajlation. Wht*re burned to 
the ct>mplete oxide it is frcMpuMitly necessary to use a lilast lamih lar^^c prc'cipitates 
reejuire a high t(Mn])erature to reduce coin])letely to oxide form. 

Optional (Volumetric) 

Or it 

solution of polassiuni perniaiit*;anate. (N/oO JvMii().i may be i:s(‘d.) 

XoTK. the volumetric^ uudhod is to be used, five complete washinjjs are 

not, as a ruh\ sulheieut, as the* presesu-e of traces td* ammonia salts, while* not interfering; 
in any way w ith tin* j;ravimetri(! d(*t(*tminatioii, ar»‘ prtuu? to have* considerable* inflmauM^ 
upon the^ veihunetric results, <hie to the* possibility of traces of ainmouium oxalate 
still being present. 

Fc Value X ().S<)5 - ( \‘i( H ),. 

Fe Value X O.oOH) --(^aO. 

Fo Value X ().:ioS4 =(^a. 


lay be dissolvi'd in 2 % sulphuric acid and titrated with the standard 


Magnesium 

The fiUraU: contninK maqiiexlmn {(uid posaihh/ inmiganc-^e). Acidify with IT("1, 
eonet'iit rate', if ii(*e(\ssary, to loO ee., add 25 ce. saturatiMl solution of ammonium 
sodium hydrogen phosphate (X I biNallPt )i, llljt ), mieroeosmic salt ), eool and make 
alkaline with ammonium hydrate*. Allow' to stand at l(*ast four hours, filter 
and wash with 5% solution of ammonium hydrate. lUirii and weigh as AlgylM)?. 

Xe>TK. Aceiiratcj n*sults are also obtain(*d with the use of sodium ])hospliatc» adelesl 
direct to the* (ill rale* freim the? cal<*iuiii pn*cipifal(* wilhoiit prc*viously acidifving with 
acid, with 25 cc. to 50<’c. of ainmoiiiuiu li>dratfi aelded to make* stremgly alkaline*, afl(*r 
whie*h t he^ solut ion shoiilel be* yrry lhe)roughiy stirre*d (for at l(*ast tw’o minute*s), using 
a reibbe*r-(*neJ(*d glass real. Allow to stanei at le*ast foeir heairs. 

tor ve»ry rapid work in e*ith(»r case*, if the niagru'siiim soliit iem afte*r the ])ivcipitation 
is coe)le*el in ic(*-wat(*r, filtratiem can be fre*epie*iitly made in two hours* time*. 

For extremely ace*urat.(! work the ])re*cipitat«». proelue*(*d in either e>f the* metlmds 
abe)ve* should l)e realisseilveel in a little* dilute* IICl and the; pn*e*ipitation rc?pi*atc*d. 

Optional (Volumetric) 

Reagent. Sodium Arsenate, 10% solutiem. 

Tlio filtrate* freim tlie* ealeium pn'cipitate, or an original portion of 5(X) cc. 
from which irejii, aluminum and ealedum have Ix'eui removi*d as above, is aeidi(ie*d. 
t\)nce*ntrate to the jioint eif (uystallizatioii, afte*r wliich approximately one-tbird 
by veiliimo of ammonium liyelratn and 25 ee. soelium arsc*nate solution are added 
and the sohitieni vigorously shak(*ii for at l(*ast ten minutes, filt(*red, and the 
precipitate washeel free freim arsenic with distilled W'ater to which has been 
adel(*(l 3% CbP. ammonia W'ater. Dissolve in 50 ec. dilute IlgSC >4 (1 ::i), transfer 
to pr(*eipitation flask, dilute* to appi’eiximate'ly 100 ec, and add 3.4 grams potas- 
sium ioeliele. Allow to stanei five minutes and titrate with standard thiosulphate 
seilutiein until the yelleiw <*A>lor of the libe'rated iodine just disappears. Starch 
as an indicator is neit satisfactoiy, nor necessary. Tliis method is not so accurate 
as the gravim(*tric methoel, giving slightly high results, but is good for rapid work. ^ 

^ J. Am. Chein. Soc., 29, 1464-7; ibid, 21, 146. 
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Manganese 

Wlipro nocoHsary, inafiKfiiK'so slioiild lx* th’torniinpd soparatoly in anothor 
|X)rtion (»f tlip wat«*r and (‘.ornictions iiuuIp. 'Idio Fvn<)rr<'.s P(‘i’Nuli)hato inothod is 
the most relial)le for larne amounts (10 milli}?rams Mn per liter); the liis- 
muthate method for smaller amounts. 

Knonres, Persulphate Method (Volumetric) 

Reagents. Potassium Bisulphate C. P. 

Ammonium Persulphate Solution (00 f^rams p(‘r liter distilh'd wat('r). 

Hydrogen Peroxide Solution. JOtiuivalent to X/10 KMn() 4 . (Approx. 5.6 cc., 
3% II./)* diluted to 1(K) ce.) 

Operation. Mvaporatt? 5 liters or more to dryiuiss, adding first 10 ec. con- 
eenlratcd IIjS() 4 . Ignite after adding a few erystals of p<)l«-issium bisulphate 
and take uj» in hot watiu”. Transfer to 250-ee. lOrlenmi'yi r flask with 5 cc. dilute 
(I : o) ir 2 S() 4 , adtl 10 ee. ammonium persulphate solution, boil twenty minutes, 
eool, dissolve precipitate (mangam.'se sujieroxide) in standard hydrogen peroxide 
solution. (If no jijit. forms no manganese is present.) 

Noi’ks. When hydrogen iwroxide sohitiini is standardizetl against N/IO IvMn ( >4 
1 re. will be e<|uivalent to 2.7.5-t niilligr:ini Mn. 

An exci'ss of 10 20 ee. llaO-.. Sol. ean be addisl and this o.\ee.s.s titraU'd with N /10 
KMn( > 4 . 


Sodium Bismuthate Method (Colorimetric)' 

Reagents. Potassium Permanganate. 0.2SS gram IvMn 04 to 1000 ee. 
1 ce. - 0.1 milligram Mn. 

Sodium Bismuthate (punxst). 

Sei* iiietlsMl (»f preparation of re.agent given on page 203. 

Nitric Acid. (Spec. grav. l.l.‘15) 3 parts comrentrated ITXOj to 1 part lUO 
.should be blown with air until free from oxith's of nitrogen. 

Sulphuric Acid. 25 cc. concentrated lI-SOi to KXK) cc. Add permanganate 
.solution to a faint but notieealile color. 

Operation. lOvaporato 500 cc. in iiorcelain dish aft,er adding 1 cc. dilute HaS ()4 
in excess to that n<‘e<*.s.sary to neutralize all alkali. Ignite to remove free acid 
(organic matter and chlorimO, <‘ool and di.s.solve in 50 ec. 11X0., (.‘{0 cc. concent rated 
UNO, to 1 liti'j), with heat if lu'cessary. C’ool again, add 0.5 gram sodium 
bi.smuthate and heat until pink color dtsappi-ars, re-cool and a<ld sodium liismuth- 
ato in cxce.ss, filter through asbestos in (looch crucible (asbe.stos must be free 
from organic matter, thoroughly wa.shed and ignited), or alundum crucible. 
Wash with nitrite-fri'c distilled water containing 5^;^ dilute IIXO, (30 cc. conc<m- 
trated IIXOs per liter), into Xe.s.sler tube, make up to 100 cc. and match with color 
produced by nece.ssary amount, of standard KMii ()4 in 100 cc. H 2 SO 4 reagent. 

No. cc. standard KMn 04 X 0.2 = milligrams Mn per lib^r. 

Notk. 'fhe ])eniiangaiiate soluthin used for oxygcTi (x>n.siiTiied (see Sanitary 
Method) contains 0.13*.) gr.iin Mn per liter and nuiy bo used when necessary. 

No. cc. X 0.278 = milligram Mn per liter. 

' J. Am. Ohem. Soc., 29, 1074-78, 1907. 
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Sulphates 

100 (*c. of ihe wat-or is slightly a<*i<lififd with cone. HCl and 5 cc 10 % NfLCl 
solution added, brought to a boil, and if turbid is filtered and washed four or five 
times with boiling water. Th(‘ clear or original water is now brought to a boil 
and 10% barium ehlorid<^ added drop by <lrop to the boiling solution in slight 
excess. Boil ten minutes, stirring from time to time, if the precipitate is heavj’’. 
Remove and a//oiP to cool prior to filtering. The jireeipitate consists of barium 
sulphate. Wash free from chlorides, te.sting with AgNOj. Dry, ignite and weigh. 

BaS()4 X.fll -S()4. 

Hast >4 X.r)S;i=.('aSt)4. 

milligrams BaS 04 X.338 =C’aS ()4 grains j)(*r gallon. 

Benzidine Method (Optional) ‘ 

Reagents. Benzidine Solution. Triturati^ in a mortar with 5 cc. to 10 cc. 
water, 4 grams benzidim; base. Transhw to liter flask, add 10 car. 11(3 and make 
to voiui!ie. 1 cc. =.0013 gram St >4. 

Hydroxy laniine Hydrochloride. 1% solution in water. 

Operation. Add It) cc. hydro.xylamine hydrochloride to 2M) cc. water, then 
add, at once stirring well, 100 cc. Ix'u/adine solution. Allow to stand fifte<’n to 
twJMity minutes, decant through vacuum filtc*r and wash with 10 cc. to 20 cc. 
distilled water (do not let filter run dry), r<‘turn filter i>aper to beaker, cov(;r 
with distilled water, bring to a boil and titrate with X/lt) or N/.W \a()II, using 
phenolphthal(‘iu as indicator. 

OiKi cc. N/10 NaOII “-.OOdS gram S() 4 . 

One cc. N/fiO NaOll - .OtKMtti gram SO4. 

No’I’K. An :iocurat<i method by the turbidimeter is giv«Mi by Hale in the <*hapter 
on (.’oal, i>age 

N. H. iVletlnxl by Muer, .lour. Ind. Kng. (3iem., Vol. 3, i\ug., 1911. When the 
suli)hutc is 2.'> ]>.]).m. or more, the «leterniination may be made by the turbidimeter 
method diiect on 100 ee. h'or less (plant ities, larger amounts of water are taken and 
evajiorated. 


Sodium and Potassium 

Tlie filtrate contains sodium and potassium and may be used for such unless 
the water is highly mineralized, in which case a new portion, 100 cc. to ,500 cc., 
shoidd he token. 

Evaporate to drym'ss, add saturated solution of barium hydrate in excess, 
filter, wash with hot water, add to the filtrate ammonium carbonate in exec'ss and 
a few drops of ammonium oxalate, boil, filter, evaporate again to dryness and dry 
at a high temperature to exiiel exce-ss of ammonia salts. Ilediasolve, add slight 
excess of ammonium carbonate again and continue until no further precipitate 
is formed on such addition. Evaimrate to dryness in a weighed platinum dish, 
remove ammonium salts by high-teinperaturc drying, and weigh the combinecl 
chlorides of sodium and iiotassium. Moisten with about 2.5 cc. of water and a 
few drops of HCl and achl from 1 cc. to 5 cc. of 10% solution of platinic chloride 

^Freidbaum and Nydcggcr, Z. Agnew. Chem., 1907-9. 
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(1 (*c!. to each 25 tnilligrunis to HO inillifframs total clilorldos). KvaporaO; to dry- 
n<*.s.s on water bath, lake up and wash witli ah'oliol until filtrate is five from 
color. J)ry, rcdissolva* pn'cipitate, washing throusli the filter paper in hot water. 
KvajK)rate again to dryn<‘.ss and weigh as Kal’tf'li. 


Kd’td.X.lOl -K. 
K..l't('l y.H07-K('l. 


Deduct from combined weight of chlorides. Itc'imiining Naf’lX.HDI — Xa. 

Kotk. \Vlu'n separation is not. iie<‘(*ss!iry, ttu* combinetl (|hlori(les are calculated 
as sodium uhloride and rejiorted as sodiinn and )>otassiuni chloritli'S. 


Alkalinity 

Tn ordinary cases titrate with X/IO or X/r)() using methyl orangt; as 

indicator. Special cases will be considere<l lat(‘r. 

Reagents. Sulphuric acid, X/ 10. Methyl orange. I’henolphthalein. 

Operation. 25() cc. of water in 4(X)-cc. beaker or ji ca.sscToU' are tilrat(‘d with 
X/10 IIvSOh, u.sing two to fiv'e drops of methyl orange* indie'ator (or 50 cc. can 
be similarly titrated with X"/50 JlySO^). 

C'alculate for 250-cc. .siimpk*. 

No. cc.X4X.005 =gms. jw^r liter CaCO.,. 

No. cc.X4X5S.4X.(K)5 = grs. per gallon C’aCX)*. 

Or X 1.108 = gi-s. jK*r gallon Ca(’(),. 

DistilliKl water, and neutral ■w'aUu's contaitiing magnesium chloride and 
magnesium sulj>hatc freiiucntly give an alkaline rea«*lion when usetl with methyl 
orange. In such ca.se.s from .2 to .8 cc. N/10 acid are reejuin'd to discharge the 
alkaline color of the HM'thyl orange. Such a ])roccdurc would suggest to the 
o|K'rsitor that, the waters were alkaline. Ilowisver, if such neutral Avaters are 
boiled with ])h<‘noIphtha]ein as an indicator for 1w(*nty minut(‘s and lu) pink 
color develops, the waters are not alkaline but neutral. The use of a blatdc of 
.2 cc. is of no value under such conditions and it apjwars to the writer as much 
the safest way Avhen the titration is under I cc. of N.-IO acid that the water be 
boiled with phenolphthalein in an elTort t«) tlet.<*nnine absolutely Avhether this 
water is alkaline, due to the presence of a carbonate as indicated by the methyl 
orange, or whether the alkalinity is entirely due to the hydrolyzing of the cal- 
cium or magne.siuni base present in the ab.scnce of alkali. When no pink color 
is produced the water should bo iironounced iK'utral. 

Phenolphthalein may also be used as indicator on another 250-cc. portion, 
using the above procedure. This titration in connection with the im'thyl orange 
titration makes po.ssible a determination of the relat'on of carbonate, bicarbonate 
and caustic alkalinity. 

The following is adapted from a tabh? on page HO, Standard Methods of Water 
Analysis of the American Public Health A.s.socialion, and is of value in .showing 
the relation of the various titrations. Methyl orange has been used in place of 
erythrosine. 
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'I'AIil.H .Sri()\VIX(} HKLATION HKTWKKX AI.KAIAXfTY 
I'HTHAI.KIX \\l) I'liAT HV MKTHYL OKANCIO IX 
HIOAKHUNA I'KS, (’AHHOXATKS AND IIYDHATKS. 


BY PIIKXOr,- 
PHKSIOXCJK OP 


P-O. . 
P<.iM 
P = iM 
1*>1M 
P = M.. 


MlfN'l) hoDMh'^ 


C'lirhonatps 


M 

M-ir 

() 

<) 

<) 


() 

2P 

2P 

2(M-P) 

() 


M = Motliyl onuiK^^ alknliiiity. 

P = Phc‘U()lplitJiali‘in alkalinity. 


Hyflnitfs. 


() 

O 

() 

2 P M 
M 


Acidity 

For nrulity use* X/IO Nu/ -Oj and 2.')0 cc. water. 


Aridity dur to 

liidi(‘atr»r. 

Jlot or C'old. 

Cnrhouu; imd sulphuru^ luiids, iilso Fe and A1 

.Snlphf\tos 

Plienolphthalein 

C.'<-ld 


Sulphuritj nciil, also Fo and A1 snlphatrs 

Phenolphthalein 

Hoiling 

Sul])hiirio a<*id aloiv' 

When dcsirrd, 20 cc, N/IO ir 2 S ()4 may bn 
added. Ib)il iiftenn to twenty minutes, cool 
and titrat(', noting the excess of acidity over 
the? orij^iiial 20 cc. 

Methyl orange 

Cfold 


Free Carbonic Acid ^ 

Reagents. Either standard N/IO sodium carbonate or standard N/22 sodium 
rarl)onate. For tli<i latter dissolve 2.11 grams t)f dry sodium carbonate in one liter 
of distilled water which has been boiled and cooled in a carbon dioxide free 
atmospherc. Hold both solutions in glass lK)ttles protected by tubes filled with 
soda-lime. 

One cc.X/IO Xa 2 (X.) 3 - 2.2 milligrams CO*. 

One cc.X /22 NusCOj = 1.0 milligram CX)*. 

Operation. With X/10 sodium carbonate titrate 250 cc. of sample in 400- 
cc. Ix'aker, using plienolphtlialein as indicator. First faint but permanent pink 
denotes end-point. 

Using 250 cc. 

No. cc. N/IO NasCO;,X8.S =00* parts per million. 

No. cc. N/10 Na-iCOjX.olS =CO* grains per gallon. 

With N/22 sodium carbonate solution, use 100 cc. of sample, preferably 
in 100-cc. Nesslor tube, titrate and rotate tlie tube until faint but permanent 

> For criticisitis of this method see Z. Nahr. (Jenussm., 24, 429, also Chem. Abs.. 
6, 1021; C.A., 6, 3137; C.A., 7, 38. 
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pink color .‘JO seconds witiiout fading is imiduccd, using phcnolphthalcin as indi- 
cator 

Using 100 cc. 

No. cc. N/22 Na2(303X 10 =CO .2 parts per million. 

No. cc. N/22 Na2(!()3X.5S:j =C ()2 grains per gallon. 


Chlorine 

Titrate 100 cc. of water, using 1 ec. of 10% potassium chronuite as an indica- 
tor, with N/10 AgNOs to first jx'rinanent indication of the red silver chromate. 
(Acid waters should be neutralized and sulphide waters boiled with a drop or so of 
nitric acid and then neutralized for reliable results.) 

No. cc.X3.42 “grs. per gallon NaCl. 

No. cc. X 58.46 = parts per million NaCl. 

No. cc.X.35.46 =part8 per million Cl. 

Note. Where qualitative test shows chlorine to be high, smaller portions of the 
saniple should bo taken, cither by certified pij)ette, or burette, and when the titration 
with N/10 AgNOa is less than .2 cc., N/50 or N/lOO AgNOa should be used for accuracy. 

Nitrates 

(Also see Sanitary Analysis) 

Evaporate 100 cc. of water, after adding 2 cc. 10% Na 2 (’ 03 , to dryness, cool, 
moisten with 2 cc. plu'iiolsulphonic acid, aild .50 cc. wat<*r and then NH 4 ()H until 
slightly anuiioniacal. Yellow coloration shows pirsence of nitrates. (Compare 
with standards which should be miewed every month, or oftener. bess than 
y grain jx*r gallon, or about 2 parts per million .as KNO3, while of value in sanitary 
analy.s<'s, usually rank Jis “ trace " in mineral waters. 

Whei’e nitrates are high, 85 to t)0 parts per million, or 5 grains p(*r gallon and 
over, colorimetric metho<ls do not always give reliable results, and .5(K) cc. of the 
water should be first boiled with a slight excess of acid, then ma<le alkaline 
with sodium or potassium hydroxide, retluced with JO grams eac*h of powdered Zn 
and Fc, or 10 grams powden'd Al, ami distilhal into an excess of N/JO or N/lOO 
IICI, as the case itniy be, and tilratc-d back, using cochine.-il as indicator, and 
calcul.'iting the ammonia absorbed to N ()3 or (‘a(N 03)2 as desired. (Where free 
ammonia or its comiioumls are present corn'ctions mast be made.) 

A recent inodificati«)n of this iiK'thod depends upon the absorption of ammonia 
into a solution of boric acid (5 gnmis boric acid in J(K) cc. of water). Due to 
the very weak acidity of the boric; acid, it is possible to titrate the ammonia 
direct with standard acid, using methyl orange as an indicator, and this has tin; 
advant.Mge of doing away with two .standard .solutions. The boric acid .strength 
is ba.sed upon !> grams of boric acid to ItX) cc. of wat(*r to each .2 gram of .ammonia 
absorbed. It is st.atcd that even the cooled condenser is unnece.ssary, in this 
absorption.' 

• The Volumetric Determination of Ammonia. L. W. Winkler, Budapest. Z. angew. 
Cliem., 2B, Aufsatzteil, 231 2. 

Detennin.ation of Ammonia by tlie Boric Acid Method. L, W. Winkler, Z. angew. 
Chem., 27, I, G;J() 2, 1914. , , ,, 

Tlie Determination of Ammonia by the Boric Acid Method. E. Bernard, Z. 
angew. Cheni., 27, I, G64, 1914. 
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Ammonia and Its Compounds 

Place 500 cc. or less in an <S()0-cc. Kjoklahl flask, make alkaline and distill 
into N/10, or weaker, H(’l, titrate with cochineal or Nosslerize. (See Sanitary 
Analysis, page 5!^6.) 


Total Mineral Residue 

Use a clean weighed platinum dish. Evaporate 50 cc. (certified ))ipettc) to 
dryness at about 130® C. and bake for at least thirty minutes at that temi)erature. 
Ordinary water-bath temiierature will not remove water of crystallization from 
NaiS 04 or CaSOi. Weigh to the fourth decimal or .0001 gram. 

WeightX 1168 “grains per gallon. 

0.1 milligram -2 parts per million. 

Residues of acid waters should be ignited to a dull red heat. Where the 
acidity is low a drop or so of sulphuric acid should be added to assure the fixation 
of all sodium and potassium salts as the sidphate. The ignition should l>e com- 
phite so that no free acid is left behind aiwl to jissure the decomposition of all iron 
compounds to the oxide form. In calculating, correction must be made for the 
change in the iron salts and all other compounds convertcid to the sulph.'ite form 
for <’.omparisou with the sulphated i-esi<lue, and then the pro]M;r eormetions made 
to give the thc'on'f.ical residue on the original water. 

Residues with much organic matter, after weighing, may be gently ignited until 
the carbon bsw been burneil off, cooletl, reearl )onal.ed with tc'sted (Nlld/’Os dried 
an<l again weighed. The diffenmcc in weight afteT titrating fe)r pe)s.sil)le volatil- 
ized ehle)riel(‘S give*s approximateiy the organic matter prt‘sent. 

Waters high in easily dee!e)mpose‘el MgCI. or Ca(N03)2 shemlel be evaporate*<l 
with a few elre)ps exe'e’.ss of lIjS() 4 , e)r NajC'Oj, anel the residue ce)mpa.reel with an 
addition of all base's calculate'el te) the sulphate femn, or eorrectenl fe>r atlde'd car- 
bonate. 

Note. When aetiel is usexl, ignite te> si dull reel heal; when carbonate, evaporate 
as in the case of the original re'sidue. 

Hydrogen Sulphide 

Due to the fact that hj'^drogen sulphide is frequently very transient and often 
oxidizes to sulphate in transit, it is advisable to ce)lleet this satrqrle in a sjrecial 
container at the point of sampling. Two or three bottles holding exactly 250 cc. 
of water eiich, are used, each bottle containing 50 cc. N/lOO iinline solution. 
After filling, the bottle is scaled. The sample is titrated with .standard N/lOO 
sodium thiosul])hate upon receipt at lal>oratf)ry, at. which time a blank is run, 
using 50 cc. iodine solution made to mark with distilled water. The ditference 
between the titration of the sample and the blank represents hydrogen sulphide 
present. 

Iodine value X0.1263 x4=sulphur value grams per liter. 
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Oil 

Frequently waters from conflensing en^rine, or after passing heaters or oil 
separators, still contain oil in small (plant it ies. The* following method lias been 
found most satisfactory: 

Reagents. Ferric Chloride Solution. (10 grams of iron dissolved in 200 cc. 
IICl, oxidized with IINO 3 and madc^ to one liter.) 

Ammonia C.P. 

N<3TE. If the oil (exceeds 0.4 grain per gallon, use 500 ec., or less for the deter- 
mination; if below 0.4 grain per gallon use 1 liter. 

Operation. Add to the water taken in a large beaker or flask 5 cc. of the 
** ferric chloride '' solution and heat nearly to boiling; then add ammonia in 
excess, to precipitate the iron (which precipitate contains all the oil), and boil for 
two minutes. 

Allow to stand a few minutes and filter through a 15 cm. filter paper wliich 
has been previously extracted with ether, transf(»rriiig tlu* iin'cipitate on to the 
paper with hot water, and washing three or four limes with hot wat(T. ''riu^ii dry 
both filter and precipitate in the w'ater ovc‘n at 100 ° and whe^n dry, extract 
with ether in the soxhiet in the usual way, evaporate the ether extract and 
weigh the remaining oil. 


Dissolved Oxygen 

Use the Winkler Method^ 

Reagents. No. 1. Manganous Sulphate Solution. IS grams manganous 
sulphate dissolv(Hl in 100 vv. distilled water. 

No. 2. Iodide Solution. .‘t(i0 grams XaOIT and 100 grams KI dissolvi'd in 1 
litc'r of distilled water. 

No. 3. Concentrated hydrochloric acid, or sulphuric acid sp.gr. 1.4 (dilute 
1 : /). 

No. 4. Sodium Thiosulphate Solution. X/KH) solution is made as n(‘('d(‘d 
from the N/10 stock solution. 

Note. Not i>crinanent; should 1 h^ fivciiumlly restaiulardizt'd against N/lOO ]>otas- 
sium bichromate. 

The addition of 5 cc. of c.hiorofcirm plus 1.5 grams sodium or ammoruum carbonate 
to each lit('r <if solution on mixing will irnf)rove its keening (piality. 

N/40 sodium thiosulphate* containing 0.2 grams C.P, reeuystallizc^d sail per lit(*r 
may be prefermd to N/l()() strength. 1 ee.of thissolution is e(|iiivalent toO.2 milligram 
oxygen by weight or 0.1395 ee. oxygen by volume, standard eonditions. 

5. Starch Solution.- The standi should first be made* int<> ii thin paste A\dth 
cold water and about 200 timos its weight of boiling water stirn'd in and bniU'd 
forafew minut('s. A f('W drops of (ddoroform will assist in pr(\s(M*ving this stilution. 

Collection of Sample. A small-m'cki'd, 2r)()-cc. bottle should lx* used, eddied 
or otherwise marked, with its exaet volunu* i)reviously didermined. The (rollec- 

> Ber. dcutsche Chem. Clescll., 21, 2tS43, ISSS. Also Z. Anal, (hem., 53, 005-72, 
1914; C.F.C.A., 8, 074, 1915. 

*ifalc giv(^s the following method. “Hub .5 grams of potato stareh with cold water 
to a thin jisistc togedhor with 10 milligrams of mercuric iodide. Pour into one liter 
of boiling water and boil half an hour.’^ 



WATER ANALYSIS 


557 


tion should ho so arranged to oxcludc oul.sido air .and ro.sult in several con- 
tinuous changes of the contents before stopix'ring, care being taken to exclude 
air bubbles. 

Operation. To sample as received add, in both cases by pipette, delivering 
below surface of wat(‘r and away fr*)m the air, 2 cc. solution No. 1 (manganese 
sulph.ate) and No. 2 (XaOFI,KI). Hestopperand shake thoroughly. After pre- 
cipitate has settled add 2 cc. H(’l or H2SO4 and again mix by thorough shaking 
until pre<*ipitate has completely dissolved, transfer 100 cc. to fljisk, and titnate 
with solution No. 4 (sodium thiosulphate), using starch as indicator near end as 
the color approaches a faint yellow. 


N = cc. N,/100 thiosulphate solution. 

V = capacity of bottle less 4 cc. (vol. sol. 1 and 2 added). 

O = the amount of oxygen in i>arts per million in water saturated at the same tem- 
perature and pressure. 


(1) Oxygen in p.p.m. 


.()00ftNXl,()0(),(X)0 

166 


.8N.‘ 


(2) Oxygen in cc. i)er liter 
(8) Oxygen per cent satunition 


= .7 oxygen p.p.in. 

_ ( )xygen p.;).m. ( ob served te mp, ami pros.) 

Silt urat ion oxj'gon )>.p.in. (ol»servcd temp, and |.>rc*s./ 


METHODS FOR THE DETERMINATION OF SMALL AMOUNTS 
OF LEAD, ZINC, COPPER AND TIN 

ViM-y friHpK'ntly a determination is desired of materials which are apt to be 
prc.sent in water due to the solvent action of such water upon pipes and con- 
tainers. In most cases the estimates are nuule by colorimetric methods if the 
.amounts present an‘ exceedingly small. As these detenninations arc made only 
in ran; case.s it seems advisable to summarize, calling attention to the fact that 
all methods inaj” be found in full in any of the editions of Standard Methods for 
AValer Analysis golt('n out by the American Jhiblic Health Association. 

Where any or all of the metals, lead, zinc, eoi)jx*rand iron are apt to be present, 
a largo quantity (1 to 4 liters), of the water is evaporated. The metals are 
.separated as sulphides with ammonia and hydrogen sulphide. The precipitate 
after washing is dissolved in nitric acid and refiliered to remove suspended 
matter and then concentrated with HaSOj. 

The lead is remov<’<l by taking up tlu; conci'iitrated solution with 60% alcohol 
(100 ee. to !.")() cc.), filtering aiul dissolving the ]}recipitate in ammonium acetate, 
after which the solution is inaile to volume and divided. One-half is satunited 
with hydrogen sulphide water to get an approximate idea of the amount of lead 
])r(*.sent. To the other half add two to thr(*e drops of acetic acid, then an excess 
of hj'drogen sulphide water and compare the color with standards. This gives lead. 

Th(! alcohol is removetl from the filtrate by evajwration and it is then treated 
with ammonia to remove possible iron. The filtrate from the iron precipitate 

‘ ( 'orreetiiig for (lisplacument for ;ft>t)-<-e. bottle, ..SN=».811N; for 275-cc. bottle, 
.SN=..S12\. 

No correction for (lisplacoiiient atTect,s lesiilt .1 p.p.in. oxygen. 

'rwcnty-fivc c«*. variation in c;ipa<‘i(y of bottle affects result .01 }i.p.ni. oxygen. 

The alxjvo forniiihe are ba.sc‘d u| on N,/ 100 thiosulphate, ana titrating 100 cc. 
volume. N =cubic centimeters thios.ilj hale used. 
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is neutralized with TT2SO4, then 2 ce. concentrated jr2S04 and 1 gram urea 
added. Copper is rtunoved l)y eh'Ctrolyzing (two hours with 0.5 ampere current). 
If the deposit is material it may be weighed as copper after washing with alcohol 
and drying. AVheu the deposit is e.\trein<‘ly small it should lx* dissolved in nitric 
acid, evaporated to dryix'ss to naiiove acid taken up in water, after whicli ]>otas- 
sium sulphide solution is added and the color compared with standards. This 
gives copper. 

Tlic solution from the above is nearly neutralized with ammonia. Tt is then 
concentrated arnl 2 grams potassium oxalate and 1.5 grams potassium sulphate are 
addi'd and the zinc removed by electrolyzing. (Three hours with 0.3 ainjM're 
current.) This gives zinc. 

Where cop|x.‘r only is de.sired it is frecjuently sufliciently satisfactory to con- 
centrate the water from 50 cc. to 7.5 <-c., after which it is ;u*idified with 2 to .5 cc. 
(•oncentrated IIjS04, deix'nding uixjn whether tlx; water is very alkaline with 
carbonate of lime, etc., and then the procedure for copper is followed.^ 

'riiere is no satisfactory method for the (luantitative determination of small 
(|uantities of tin. In tlas abov<‘-nientioned procedure, however, in ca.se tin should 
be pre.sent it would be reinovcil with the ammonia precipitate for the removal of 
iron and its presence may be avoichxi by di.s.solving the sulphides in the original 
{)recipitation in llNOj, in which the tin would remain behind insoluble. 

HARDNESS 
Total Hardness 

The most accurate method for total hardness is by calculation of the calcium 
and magnesium determined gravimetrically as previously outlined, calculating 
the calcium as calcium carbonate and the magnesium to its calcium carbonate 
equivalent in terms of parts per million.* However, where only the hardness is 
desired, gravimetric methods are cumbersome and the following are accepted as 
standard. 

The standard method for the determination of total hardness, as well as tem- 
porary and permanent, depends upon the action of the lime and magnesia in 
solution upon soap, the soap added in a very dilute solution in alcohol. Total 
hardness represents the total soap acted upon by the water in its original state, 
permanent hardness represents the total soap acdcxl upon by the water after the 
water in question h.as been thoroughly boiled and separated from the sus|x>nded 
matter, and temporary hardne.ss represents the tlifferoiice between the total hard- 
ness and the {x^rmauent harihu!8S, and while it s sui)|X)sed to rcpresent combined 
carbonates of lime and magnesia, and the pennanent hardness is supposed to 
represent lime and magnesia in oth('r forms than carbonate, this is rarely so due 
to the fact that a certain material amount of carbonate of lime and magnesia ia 
soluble in water, even in the absence of carbon dioxide gas. The reagents used 
are standard soap solution and standard calcium chloride solution, the latter 
being made under such conditions timt 1 cc. of the solution is equivalent to 
0.2 milligram of calcium carbonate. 

* Phelps, Jour. Atncr. Chem. Soc., 28, 369, 1906. 

* C. Bahhiiann, J. Ind. Eng. Chein., 6, 209, 11. 
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Preparation of Solutions 

0.2 gram pure ealciiini carbonate is dissolved in a small amount of dilute IICl, 
taking pains to avoid any loss due to efTervescence or spattering. Evaporate the 
solution to dryness s<‘veral times to remove exce.s.s acid. l)is.solve in distilled 
water and make up to I liter. 

Standard soap solidion is obtained by di.ssolving aj)proximat(*1y 1(H) grams 
dry Castile soap in 1 liter .S0% alcohol. This solution should stand several days. 
For standardi/ing, this solution .shouhl be dilut(*d with alcohol (70% to S0%;), 
until (5.4 ce. when add('d to 20 cc. of standard calcium solution will i)roduce a 
jM'rinanent lather. I’sually h'.ss than JOO cc. of the original soaj) solution will 
make 1 liter <)f standard solution. 

For staialardi/.ing, use 2r)0-<-c. glas.s-,stop]H‘red bottle, a<ld 20 cc. calcium 
solution with .‘{0 <•(*. distilh'd wat(T. Tlu' soap .solution should b(* add<'d from a 
bun'lte, approximately .2 cc. at. a time, aftc'r which the bottle is shaken vigorously 
until th<‘ lather formed nanains unbroktai for five minutes after shaking and after 
the bottle has been placed upon its si«le. 

Notk. Pure p«>tas.siurn oleato and pol.assimn carb«mat«! may be ii.scd in i»lacc 
of soap.^ 

Operation. Fifty cc. of the water in question are measured int.o a 2.')0-cc. 
bottle, the soap solution added, approximat(‘ly .2 cc. at a time, and in t he same 
manner as de.scribed for the standardiKing of said soap solution. The following 
table, copied from p. 33, Standard Methods of Water Analysis, A.P.II.A., 1913, 
may be used to obtain the total hardness from the results so noted: 


TABLE OF HARDNESS SHOWING THE PARTS PER MILLION OF CALCIUM 
CARBONATE (CaCO,) FOR EACH TENTH OF A CUBIC CENTIMETER 
OF SOAP SOLUTION WHEN 50 CC. OF THE SAMPLE ARE USED. 


CC. of Soap 
Solution. 

0.0 

cc. 

0.1 

cc. 

0.2 

cc. 

0.3 

cc. 

0.4 

cc. 

^9 

0.0 

cc. 

1 0.7 

1 cc. 



0.0 



■i 






0.6 

3.2 

1.0 

4.8 

6. 3 

■XI 






16.9 

18.2 

2.0 

19.5 

20.8 

mi 






29.9 

31.2 


32.5 

;J3.8 

.35.1 

36.4 

.37.7 

38.0 

40.3 

41.6 

42.9 

44.3 


45.7 

47.1 

48.6 

,50.0 

.51.4 

.52.9 

54.3 

55.7 

.57.1 

58.6 

HI 

60.0 

61.4 

62.9 

64.3 

65.7 

67.1 

68.6 

70.0 

71.4 

72.9 

6.0 ' 

74.3 

75.7 

77.1 

78.6 

80.0 

81.4 

82.9 

84.3 

85.7 

87.1 

7.0 

88.6 

90.0 

91.4 

92.9 

94.3 

95.7 

97.1 

98.6 

100.0 

101.5 


It is not desirable to use more than -7 cc. of soap solution for 50 cc. of the 
water, and when the figures are higher, the water should bo diluted with distilled 
water. The reading in the table corresponding to the cc. of soap solution 

^C. Blacker, Chem. Ztg., 36, .541; J. Soc. Chom. Ind., 81, 5.55, C. A., 7, 1394; C. 
Blacher, P. Gruenberg, M. Kissa, Chem. Ztg., 87, 56-8, C. A., 7, 1938. L. W. Winkler, 
Z. Anal. (Jhem., 63, 409-15, C. A., 8, 2912. 















560 


WATER ANALYSIS 


used is then multiplied by the <iuotieiit ■ - ; x cc. boiiif? c<iual to the amount 

^ CC. 

of water taken. In making this determination tln*re is fr(*(iuently noted a false 
end-point sometimes known as the magnesium end-point. /Fo avoid error, it 
is advisable, after eomjdeting the titration, to read the burette, add 0.5 ec. 
more of the soap solution and shake well. If magnesium has been respon- 
sible for the false end-point, after such addition tlic lather will again dis- 
appear, and titration should be continued until a new and true end-point 
is reached. It is advisable to determine the strength of the soap solution 
from time to time, as it is very prone to change upon standing. Results 
should be recorded in terms of calcium carbonate, parts per million. There 
are various other means of reporting. The English degree frequently noted 
as Clark degree, represents grains calcium carbonate per Imperial gallon ar)tl 
should be multiplied by 14.3 to give parts ])er million. Conversely, the result 
obtained in parts per million divi(led by 14.3 will give Clark, or English degrees. 
French degrees r<?prescnt parts p(T 1(H), (M)0 calcium carbonate and should be 
multiplied by 10 to give parts per million. (’onvers<>ly, division of the result 
obtained above by 10 will give French degrees. (Jerman degnn's repii'sent. parts 
per 100,000 calcium oxide and should be multiplied by 17..S to give parts per 
million calcium carbonate. The detenninatiou of hanliu'ss is not it'liable on 
account of the varying action of calcium and magnc*sium salts, and should never 
bo resorted to when possible to determine the.se bases dinfct. 

Notk. Dr. Halo claims that the soap method for hardness in skilled hiinds Ls 
accurate from 10 to 1.5 parts jwr million on waters .as hard as IIOI) parls. 


For permanent Af/jviwcss the .standartl soap .solution is used as above stated. 
The water, how<‘ver, i.s boiled gently for one-l>alf hour, allowed to cool, made' to 
volume with boiled and cooletl distilletl water and lilten'd, aft<*r which the above 
method is u.sed. The dilTerenee betwevn total hardne.ss and p<'rman(‘nt hardiu'.ss 
is supposed to repi'esont temporary hardness. The alkali itHi/ determination given 
on a pn'vious page is a much more accurate method of dc'terniining temporary' 
hurdneas, however, and i.s also much more easily carried out. AVhen total h.anl- 
iiess and alkalinity are determined, iierinanent luirdne.ss would be the dilTen'iiee 
between these two figur<*s. For comparative u.se as again.st total and perma- 
nent hardness determined as such, the I’csult.s would be much different, as the 
alkalinity determination of all the carbonati'S Avrmld give a perinarn'iit hardne.ss 
H'prcsenting alwolutely non-earbonale hardne.ss; Avlii-rcas tlu* determined per- 
manent hardness wouhl contain a inateritd amount, of combined carbonat<‘S of 
lime and magnesia. The American Public ir('ulth A.-^soeiation, Committee on 
Standard Method of Water Analy.si.s, recommend that the determination of per- 
manent hardness by the soap solution be di.seontiuu('d in conuectioii with softening 
process, as it is so unsatisfactoiy in general practice. 


Magnesium Chloride 

Frequently, when hypothetical combinatiotis arc u.sed it i.s desired to ehc'ck 
up the.so calculated eombination.s by some chemicjd method. M:ign('.sium chloride 
is fre<iuently produced in the coui'sc of hypothetical combinations and its pre.senee 
is as frequently a source of much trouble in t he dc'tennination «)f a mineral resi<lue, 
owing to the ease with which it deconijmses or carbonates. A nu'thod is suggested 
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whereby a second /iO cc. portion similar to the total mineral residue is exactly 
neutralized with sudicit'nt HaS 04 , the amount to use lieing calculated from the 
total alkalinity obtained elsewhere. 'Fhe solution is allowed to go to complete 
dryness, is baked at a temperature of 2S()° F. to 300“ F., and after being cooled 
the chlorine is titrated. The difference Iwitween the chlorine thus determined 
and the total chlorine previously determineti r(*pn*sent8 chlorine lost by volatil- 
ization as magnesium chloride. In the absence of organic matter this method 
is approximately accurate. Where organic matter or other reducing material is 
present, however, the results arc not so satisfactory. 

Calcium Sulphate 

In a similar manner it is frequently desired to know whether or not a water 
would contain calcium sulphate, and a method of comparative satisfaction depends 
upon the evaporation of 200 cc. to 6(K) cc. of the original water to dryness. After 
cooling, 10 cc. of distilled water are added and the mineral matter loosened from 
the sides of the dish and partially dissolved. Ten cc. of 9.)% alcohol an; then 
added and 100 cc. of 50% alcohol. After thorough stirring and solution this 
material is filtered, the precipitate washed with 50% alcohol and the filtrato made 
to volume, tlivided and tested for calcium and sulphates in the usual manner. 
The method is only approximate. 


LIME AND SODA VALUE » 

Two very simple methods have been dc'vised for the rapid estimation of the 
amount of lime and soda-!ish n<‘ce.ssary for softening, when water treatment is 
considered from the oul.si<l(! softening-plant point of view. 

Value for Lime 

Reagents. SulimtU’d liinc wnter (strength to be known for each series of 
determinations). N/tO hydrochloric acid. 

Process. Take 200 cc. of the water in (luestion; add 50 cc. saturated lime- 
water solution in 250-cc. volunu'tric flask and h<*at to boiling. Allow t<; cool. 
Fill to the 250-cc. mark with water to replact; that lost by evaporation; filter 
through a drj’^-folded filter and titrate 200 cc. of the filtrate with N/10 acid, using 
methyl orange as an indicator. 

For calculation, let “a” equal number of cc. N/10 calcium oxide in 50 cc. 
the lime water, as determined: ami let “ b " equal the number cc. N/10 hydro- 
chloric acid used in detenninatioii. 

(4a — 5b) X 3.51 CaO will give milligrams of lime jx'r liter retjuired to soften 
the water tested. 


Value for Soda 

To the neutralized 200 cc. from above titration, add 20 cc. N/10 soilium 
carbonate. Heat to boiling. Transfer with (/Os free; distilled water into a 250- 
cc. flask to make up to mark with washings from the dish; mix thoroughly and 
filter, collecting 200 cc. of the filtrate in a Iwakcr. Titrate with N/10 hydro- 

*Drawe, Zeit. f. Angew. Chcni., 23, 52, 1910. 
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cliloric acid for the excess alkali. Designate the nuniber of ee. in this titration 
by " c.” 

Formula; (20— h — 5c)X33.i:i Xa 2 (Xh = milligrams of soda jier liter necessiirj’’ 
to soften water in (|uestion. 

Notk. Both forimilsr are based upon 1’. eheiiiicals, and corrections must be 
made for the value of the eoinmenaal materials in use. 'I'hesc inetliods are valuable, 
though for actual jiractice it is advi.sable to try out on a liter of water in question, 
using the calculated amounts of lime and soda for e\i)eritnciital j)urposes. 


METHODS OF REPORTING AND INTERPRETATION 


The manner of reporting the results of a min(*ral analysis of any water calls 
for as much thought and uniformity as the? nx'thods of analysis theni.sc'lves, and 
in this departnu'iit there is much h*ss uniformity than in the eas<! of analytical 
methods. Undoubtedly, the ideal method of reporting is that which gives r<*sults 
in Ionic fonn (positive and negative radicals), in terms of j)arts jx'r million or 
grains per gallon. The latter term is ])urely American ami would have to be 
eonvertwl for comparison with r('s>ilts obtained in almost any foreign country. 
Parts p(;r million, though nevv'cr Jind still unfa.miliar to all but jirofessional and 
seientiiic men, is gaining gradually a strong foothold, and the consideration of 
this terminology with the Ionic form of nqiorting will be considertal prior to the 
discussion of hypothetical combination and grains per gallon. 

Mr. Herman Stabler,* and R. R. Dole,* of the United States Geological 
Survey, have devised and simplified certain calculations and formulas, which 
greatly assist in the interpretation, comparison, and classification of waters for 
Industrial and Irrigation » purposes. Formulas with reference to dissolvotl solids 
will be the only ones discussed here. The following table gives reaction coefficients : 


PoHitivc Hucli als. 


Ferrous Iron (Fe) 
Aluminum (Al) . . 
Calcium (Ca) . . . . 
Magnesium (Mg). 
Sodium (Na). . . . 
Potassium (K) . . . 
Hydrogen (11) . , . 


Hoaction 

CiM*fIicifnta. 

Negative Hadicul''. 

Reaction 

Copffifient 

().0;^58 

CarlxHUito (CM > 3 ) 

0.0333 

.1107 

Bicarbonate ( HC( )j) 

.0164 

.0499 

iSuiphate (S()4) 

.0208 

.0S22 

Chlorine ((3) 

.0282 

.0435 

Nitrjite (NOs) 

.0101 

.0250 



.992 1 

i 

1 

1 



losing the above table, the parts jier million of each radical multiplied by its 
remjting coefficient will give its reacting value, and in the formuUus whi(!h follow 
this will be indicated by “ r ” pridixed to the chemical symbol of the radical. 

For checking the accuracy of th<; analysis, the sum of the positive n*acting 
values should eiiual the sum of the negative reacting .'alues, and the formula, 
r. Pos. — r 

r*Pos iwrcentage error of the analysis. The value of this 

error should never exceed 5 for waters of 100 p.p.m. or more dissolved solids, and 
should be 2 or less. 


* Eng. News, fiO, S.'i.'i, 1909. 

* Water Supply Paper No. 274, p. 165, Water Supply Paper No. 254, J. Ind. and 
Eng. Chem., 6, (1914), No. 7, p. 710. 

» U. S. G. S. W. S. Pai)cr, 274, p. 177. 
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Til ordinary analysis, silica, iron and aluminum arc present in such small quan- 
tities that they may, for siini)lici(y’s sake, he isuored. The following formulas 
are given without comment, as full details ean be found in Water Supply J’aper 
No. 274. 

Water Softening 

For looo Gals. Water. Pounds lime (90% CaO) reijuired 

= ().2(KrFe-f rAl-l-rAlg-f-rn-|-rlI(’()3-f-.0154CO,). 

Pounds soda ash Na-jC’Oj) reciuired 

=0. lOACrFe-f rAl t-rCa-f-rMg 4-rir - rCOa -rJICO,). 

\ori';. ])r. Halo states (Ik* follou-ini;. Iiist(*ad of (lie extended formula* of the 

Ionic system, 1 mu(“h i»n*rer my simple formiiLi*. 

(Alkaliniij'X.d I ) free tlO^) X.OIOG =li)s. (’aO j)(*r 1000 ^als. f(*cd water. 

Also (Totid haidiK'ss — total linn*) X.0047-- lbs. ('aO j>er 1001) gals. fe«*d water, 
or total iniignt'sia as t 'a( '■( 

(Total h:inlness -alkalinity) X.009 =lbs. XiijCOj jier 1000 gals, feed «atC!r. 
Jixi)rc.s.sed as (’at^Oii. 

Foaming and Priming 

Foaming coefficient I' =2.7 Na. 

Taking into consid<*ration the various boilens and the action of various waters 
in practice, the following aitproximate classification of waters for foaming con- 
ditions is of value: 

Non-foaming, h' =(i0 or lc.ss. 

Semi-foaming, F =00-200. 

Fotuning, F =200 or more. 

Corrosion 

For Arid Tr«fcr» 

Coefficient of corrosion C = 1.00.S(rTI+r.M-HrFe-f-rMg— rCOa— rllCO*). 

For Alkaline WaUrs 
C=rMg-rII(’Oa. 

If C is positive, water will corrodi*. 

If C-f-.OoO:! ('a is negative, water will not corrode on account of the mineral 
materials in the water. 

If C is negative, but — .0503 Ca is posit ivi*, the water may or may not corrode. 

Scale 

Si02-l-2.9.5 Ca-f-l.OO AIg=scale p.p.ni., 
or 

1 (.00833 Sm-f .00.S33 ('m-|-.3 rKe-|-.142 rAI)-f.l(i.S iMg-f .492 rCa 

=scale lbs. per 1000 gallons. 

* Can be omitted or ignored unless suspended matter, silica, etc., are present in 
large quantities. 
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TIkto are also formulas given in the above-mentioned Bulletin on soap cost, 
lin>e, soda, soda ash, cost hai‘<l scale (()ounds j)er 1000 gallons) and a hardness 
coefficient of the scale formation. 

Irrigating Waters 

Alkali Coefficient 

(o) When Na — .65 Cl is zero or negative. 

. , 2010 
Alkali coenicient, k 

(6) When Na — .65 Cl is positive, but not greater than .48 SO«, 

Alkali coefficient, k " 

(c) When Na — .65 C-1 — .48 SO4 is iwisitive. 

Alkali coefficient, k = nn . .. 

IS a - ..82 Cl — .4.1 SO4 

Classification on basis of alkali C(M*fficicnt : 


Alkali coefficient. 

Class. 

llcmarks. 

More than 18 . . . 

18 to 6 

Good. . . 

Fair, . . . 

Have been iiscHlsucjcossfully for many years without special 
care to prevent alkali aeeuin illation. 

Special care to jirevent gradual alkali accumulation has 
generally been found necessary excejit on loose soils with 
free drairuijje. 

Care in selection of soils has been found to be iTnT)erative and 
artificial drainage has frecpientlv been found necessary. 

i’ractically valueless for irrigation. 

5.9 to 1.2 

Poor . . . ! 

Less than 1.2. . . 

Bad. . . . 

1 


Hypothetical Combinations 

The use of hj’pothetical combinations in the n'porting of a mineral water is 
frequently of value, in that it gives a nwe rapid way of pla<‘ing in simpler terms 
the principal materials present in the water. It .should never be a.ssumed from 
the hypothetical combinations th.at the materials so reported are present in the 
water in that particular form, but it is assumed by most, that the form in which 
such materials are reported will repre.sent the condition in which those materials 
will combine when the wati'r is .subjected to incii'a.sed pre.sHure and increased 
temiK'rature. In other w«)rds, the. hypothetical comb' nations most generally in 
use repre.s(‘nt the way materials will apjM'ar when combined, due to the law of 
mass action under steam-boiler conditions. 

For such purpo.se the jneth«)d which takes care of the in.solubl<; materials or 
materials leaving the water first is lh<* most common method in use. This 
method eombines as follows: here t he sum of the sulphate ami carbonate radicals 
exceeds that of lime and magnesia as ba.ses, the magnesia is first calculated to 
carbonate^ the remaining carbonate is combined with lime, the remaining lime 
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with sulphate and the roinaininj; sulpliato with sodium. This also takes care 
of the general condition wlierc the carbonates alone are in excess of the com- 
bined carbonates of limn and magnesium, in which ease the remaining earlmnate 
naturally would be calculated to sodium and all the sulphate, as well as chloride, 
also, calculated to scnlium. A\'here, however, the sum of the bases is greater 
than the sum of the cai’bonate and the sulphate radicals, two possible conditions 
or combinations exist. Where magnesium chloride is pmseiit in the water, the 
sum of the acids calculated to the soda radical should be greater than the total 
mineral residue, l^aitially decomposed magnesium chloride is indicated in this 
way, also the fact that magnesium chloride has a lower molecular weight than 
sodium chloride, which condition would Ik; indicated in such a comparison. When 
this case exists, the sulphate is first calculat'd to calcium, the remaining calcium 
to carbonate, the remaining carbonate to magnesium, the ri'inaining magnesium 
to chloride, the remaining chloride to sodium. Where the total mineral it'sidue 
is greater than the sum of the acids and where nitrates arc present, we then have 
nitrate of lime, which is assumed the commoner form than nitrate of magnesium, 
and the calculations are as follows: All the sulphate is calculated to lime, all the 
magnesium to carbonate, the remaining carbonate to lime, the remaining lime to 
nitrate, the remaining nitrate to sodium, and all the chlorides to sodium. In acid 
waters naturally the lime and magnesia, as well as the iron and aluminum, are 
calculated to the acid present in the greatest excess. These methods of calculation 
will give certain materials frequently found in scale formation and materials 
frequently supposed to cause certain characteristic troubles in cither steam or 
domestic usage. It is possible in a purely qualitative way to judge or interpret 
the water on the basis of the lime and magnesium salts, for incrustation, and of 
the alkali salts for other troubles in boiler practice, also from the standpoint of 
irrigation, the various forms of the alkali salts as black and white alkali, without 
the necessity to use the formulas already considered. 

Field Assay of Water 

Mr. R. B. Dole has published in Water Supply Paper No. 151, of the U. S. 
G('ol()gical Survey, field methods for the assay of water in which tablets of known 
value are used for the determination of chlorides, carbonates, sulphates and iron. 
In this type of assay, a given amount of the water is taken and tablets are added to 
the water until certain definite reactions take place, when the number of tablets 
used is estimated and an approximate value obtained. The error in such work 
varies from 3 to 15 per cent, but the results of the test give valuable, if not 
accurate, information. 

The author is indebted to Dr. F. E. Hale, Director of Laboratories Depart- 
ment of Water Supply, New York City, for a careful review of this chapter, and 
for valuable suggestions. 
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It will 1)0 romcmhoml tliat the Jixcd (-Hx are those, which leave a {wrinancnt 
stain on paper, whereas the I'ssential or volatile, oils eva|M)rate. The fixed oils, 
if saponifiable, are glycerides of the higher fatty acids, oleic, (’i.ITaaCHK)!!, stearic, 
CnlfuCOOH, paiinitic, Cidl iCOOlI ; and if unsaponifiable, hydrocarbons, 
usually of the paraflin (( ^, I Is,, and olefin series. Tho fotx differ from 

tlic oils in liaving a liigher nieltiiig-iM»int, cansi*d by a larger percentage of 
stearic and palmitic acid. The wnxes ilifiVr from the oils or fats in that the 
former are esters of monatomic alcohols. The oils are fiirtluT divided according 
to their drying power on exposure to the air, into drying, semi-drying and non- 
drying oils. 

The drying oils contain a large pro|)ortion of glycerides of the unsaturati'd 
acids, particularly linoleic and linolenic, whereas the .vemi-drying contain a smaller 
percentage, and the non-drying litth* or none of these esters. 


Examination of an Unknown Oil 

There being no sfiecific tests for the various oils, as for t heir identification, the 
analyst should, in attacking an unknown oil, asci'rtain all possible facts about it, 
as the source, the use to which it is |)ut, and the cost. 

Certain phy.sical projK'rties too, may aid in the e.xarnination. The color 
is of little assistance, as oils may be eoloivd by the use of oleates or butyrates of 
iron or copjier. Fliiorcxcevce or “ bloom ” is valuable ns indicating the presence 
of mineral oil; this can lie shown by placing a few drops of the oil on a sheet 
of elxinite and observing the bluish color. The odor and are particularly 
valuable. Marine animal oils are detected, csiwcially when warm, by their 
strong “ fishy ” odor, while neatsfoot, tallow, lard, rosin and linseed oils each have 
a well-marked and easily distinguishable smell. Whale oil is said to have a 
“nutty,” and rape oil has a harsh, unplea.sant “turnipy” taste. The tur- 
bidity showing the presence of water, or of oils which im|jerfcctly mix — as castor 
and mineral oils- and the scdime>t, cither stearin or dirt, are also to be noted; 
these should be filtered out through pa|)cr before the oil is analyzed. 

The elaidin test (page 5<S2) may be applied next, to allow time for the cake to 
form; it will be followed by the Maumen# test (page .'582) both being done in 
duplicate. In making the elaidin test it is advisable to carry on an exjxiriment 
under the same conditions with a known sample of lard oil. These two tests 
will show whether the sample under examination is a drying or non-drying oil and 
when the ingredients of the mixture are determined, the results of the Maumen6 
test can be used for calculating their relative amounts. The iodine test can be 
employed to check this result. 

* Professor of Technical Analysks at Afas.sachu.sctts Institute of Technology, Cam- 
bridge, Mass. 


sm 
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The saponification test, unless mineral or rosin oil be suspected, need rarely be 
rosort(‘d to; the re:i>on boiiiR that it would show practically nothing regarding 
the nature of the oil. K.vcept in the case of castor (Sapn. No. 181), rape 
(17-1), .-jx'rin (bio) anti cocoanut (200), this characteristic is about 193. 

Finally, where the importance of the cast; will warrant, the analyst is advised 
to jM-eparea mi.xture of oils using the proper proportions indicated by tlio various 
ttists, and subject it t») the more rapid tests as the s|M‘cific gravity, viscosity, 
Maumen6 and iodine number. In making out the report of analysis it should 
be borne in mind that, excepting in the case of the sjx'cial test, the results of 
o) e lest cannot be relied uixm to determine tin* nature of an oil, but the evidence 
of all the tests here given should be carefull.y compared and weighed before 
rendering a final verdict: in considerati<in of the fact of the wide variation of the 
characteristics of the oils, it is futile to report the quantities of oil found in a 
mixture m(»r(‘ clo.sely than 1%. 


PETROLEUM PRODUCTS 
(a) Burning Oils 

The t,ests or determinations to be made are, in the order of th(;ir importance, 
flash, fire, specific gravity, distillation, sulphur, free acid, sulphuric acid, mineral 
salts and water. In some cases the color is deterinined. 

Flash Test or Point, lly flash point wo understand the lowest temperature 
to which an oil must. beheate<l, to give off vapors which when mi.xed with air pro- 
duce an explosive mixture. 'I'he r(‘sulf.s of this test will vary according to the 
({uantity of air over the surface of the oil, and 
whether this be moving or .still; also according 
to the distance! of the testing flame from the 
surface of the oil. Furthermore, the size of 
this testing flame, the hiiigth of its time of 
action, its form and dimensions, and lastly, the 
manner of heating the oil, will all influence 
the result.* 

Any cause producing the rapid evolution of 
a large amount of petroleum vapor tends to 
lower the flash jjoint. Barometric changes are, 
for practical work, negligible, each 5 mm. caus- 
ing a variation of but 0.1® C. 

Determination by the "‘New York State 
Board of Health Teeter.** The apparatus, 

Fig. ^ 6, consists of a copper oil cup, Z), hold- 
ing about 10 oz., the qxiantity usually contained 
in lamps, heated in a water bath by a small 
Bunsen flame. The cup is provided with a 
glass cover, 6*, carrying a thermometer, B, and a hole for the insertion of the 
testing flume — a small gas flame one-<iuarter of an inch in length. 

Manipulntion. After describing the apparatus minutely, the regulations of 

* Engler and Haase, Z. Anal. Chem., 20, 3, 1881. 



Fig. 86. — N. Y. Tester. 
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the New York State Boa'd of Health say,^ “ (2) The test shall be applied ac- 
cording to the following directions: 

“ Remove the oil cup and fill the water bath with cold water up to the mark 
on the inside. Replace the oil cup and pour in enough oil to fill it to within one- 
eighth of an inch of the flange joining the cup and the vapor-chamljcr above. 
Care must l»c tjikcn that the oil does not flow over the flange. Remove all air- 
bubbles with a pu'ce <if dry paper. Place the glass cf)ver on the oil cup, and so 
adjust the thermoiiHjter that its bulb .shall be just covered by the oil. 

“ If an alcohol lamp be employed f«ir hf‘:iting the water bath, the wick should 
be carefully trimmed ami n<ljuste<l to a small flame. A small Bunsen burner 
may be used in phu’e of the lamp. The rate of luviting should be about two 
degrees jwr minute, and in no case exceed three degrees. 

“ As a flash torch, a small gas jet one-<|iuirter of an inch in length should be 
employed. When gas is not at hand employ a i)icec of waxed linen twine. 
The flame in thi.s case, h<»wever, should be small. 

" When the temiKTature of the oil has reached 8.')“ F. the testings should com- 
mence. To this end insert the torch into the o{M'ning in the cover, pas.sing it in 
at such an angle as to W'cll clear the cov(*r, and to a distance about half-way 
between the oil and the c*)ver. 'J'lie motion should be steady and uniform, rapid 
and without any pau.se. 'I'liis should be repeated at every two d<‘gree.s’ rise 
of the thermometer until the temix.'rature has rc'ac’hc'd 1).'}", when the lam] 
should bo removed and the testings should be m:ide for each degree of temjxsr- 
ature until 100° is reached. After this the lamp may be rej)laccd if necessary 
and the testings continued for each two degrees. 

“ The apiM'anince of a slight bluish flame which j)as.ses over the entire sur- 
face shows that the flashing-])oint has been reach(*d. 

“ In every case note the temiu'rature of the oil before introducing the torch. 
The flame of the torch must not come in contact with the oil. 

“ The water bath should be filled with cold water for each sc*parate test, and 
the oil from a previous test carefully wijwd from the oil cuj).” 

For the determination with tlie oikju tester (Tagliabue’s small) reference 
may be had to the author’s “ Short Ifandb(H>k of Oil Analj’sis”; for the test w'ith 
the clcKsed tester, Abel’s or Abel-l’en.sky, or Ilolde’s “ JOxamination of Hydrocarbon 
Oils " translated by Mueller. 

Fire Test. The fire test of an oil is the lowest temperature at which it will 
give off vapors which when ignitcnl will burn cantimiovaly. It is made by con- 
tinuing to heat the oil (the cover being rcmovetl in the case of a closed tester 
without slipping out the thermometer) at the same rate after the flash test 
is made and noting the i)oint as indicated above. The flame Ls extinguished by a 
piece of asbestos board and the heating discontinued. In the case of many 
illuminating oils this point is from 10° to 20° F. higher than the flash ]H)int. 

In the case of “ IVIincral SiH*rm ” (300° F. fire test oil) these tests should be 
made with the instrument for lubricating oils (page .570). The heating should 
be at the rate of 10° F. i)er minute, and the testing flame first a]>plicd at 230° F. 
and then every seven degrees until the flashing-i)oint is reached. 

The most sati.sfactory way of making these tt>.sts is to place the watch uix)n the 
desk and read the thermomettir at the expiration of every minute, noting down 
each reading in the proper column in the laboratory note-book. 

* Report of the New York State Board of Health, 1882, p. 495. 
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Specific Gravity: (a) By the Hydrometer. A hydrometer jar is four-fifths 
filled with the oil, a verified Haumd hydrometer introduced into it, and the 
depth read off to which the instrument sinks into the oil. This may be effected 
by placing a strip of white paper back of the jar and noting the point at which 
the lower meniscus of the oil touches the scale. The temperature of the oil 
is taken at the same time, and in case it bo not 60“ F. (15.5“ C.), subtract 1“ Baurn^ 
from the hydrometer reading, for every 10“ F. it i.s higher than 60“, and add 1® 
Baum6 for every 10“ F. it is lower than 60“ F. In practice this can be done 
by Tagliabue’s “ Manual for Inspectors of (?oal Oil,” which gives the readings at 
60“ F. for any gravity from 20° to 100“ Bauni^*, between 20“ and 109“ F. The 


specific gravity maj’’ be found b^’■ the formula' 


140 


11“ representing the read' 


ing Baum6 at 15.5° C. 

(fc) By the Weatphal Balance. This is a sjx'cially constructed instrument, 
Fig. 87, with a glass plummet carrjdng a thermometer counfcrbalance«l by a weight. 
Upon immersing the plummet in a 
liquid the positions of the weights, 
which must be added to restore the 
equilibrium, rcpre.scnt the specific grav- 
ity directly. 'I’he largest weight repre- 
sents the first decimal place, the next 
the second, and so on. 'I’he insfruincnt 
is placed uix)n a level table, and by 
means of the leveling screw is brought 
into adjustment — i.e., so that the point 
upon the beam is exactly oppo.site the 
point upon the fixed i>art. 

The plummet is now placed in the 
vial or balance jar containing the oil, 
cooled to 15.5“ C., hung upon the; bal- 
ance, being careful cotnpletely to im- 
merse it in the oil, weights addetl to 
restore the equilibrium, aiul tla* specific 
gravity read off as above de.scribed. 

Care should be taken that the plum- 
met does not touch the sides of the 
jar or vial. For solid fats and some oils die .specific gravity i.s taken at 100“ C., 
using a special plummet. 

Distillation Test: Engler’s Method. iOngler uses a siiecial boiling flask, 
6.5 cm. in diameter, with neck 15 cm. long, and with the side tube about 
9 cm. from the springing of the bulb; this is connected with a Liebig condenser 
and heated by a small lamp with a shield. 

One hundred cubic centimeters of the oil arc measured into the boiling flask 
and distilled at the rate of 2 to 2.5 cc. per minute, the distillate being caught 
in a 25-cc. burette or graduate. When the distillation is to be broken, the lamp 
should be taken away and the temperature allowed to sink 20“ and again brought 
to the breaking or fractionating point, as long as any considerable quantity goes 
over. The distillation is first broken at 150“ C., and then each 50“ until 290“C. 



^ This formula applies to liquids lighter than water. 
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is reached; in this way a much better idea of the value of the oil is obtained thar 
if the distillation were allowed to proceed continuously between these points. 
The lighter portions, for example, those between 150 and 200“, burn much 
better than those between 250 and 290“; the heavy portions of American petro- 
leum burn much better than those of the Russian oils. 

The averages from four samples of Caucasian and ten samples of American 
oils subjected to this test were as follows, in |K.*r cent by volume:* 


Cauc^ian pi^troleuni 
American ]H;troleuin . 


, HHow ir»0" c. 

1 150 200® 

j A}>ovo 290® r. 

8.0 

8«.G 

1 5.4 

1 1G.9 

57.1 

1 2G.0 


Determination of Sulphur.^ The deletericms eflfect of the oxides of sulphur 
upon hangings and bindings — as well as upon the human system — is well 
known, sulphuric acid iMung their ultimate product. The sidphur exists in com- 
bination, partly as com]x)unds fonne<l from the sulphuric acid usc'd in refining 
and partly as alkyl sulphides. Its qualitative detcc‘ti«)n may be effected by heat- 
ing the oil to its boiling-point with a bright piece of sodium or ])otassium. If 
sulphur oomiHmnds bo presemt, a yjillowish layer is formed ui)on the metal. 
After cooling add distilled water drop by drop until tlas metal is dissolved, ai.J 
test h»r sulpliides with sodium nitroprusside. 

For the (piantitative determination of sulphur 1 to 1.J grams of the oil are 
burned in a calorimetric bomb conbiining 10 cc. «)f wat(T and oxyg<>n und(*r a 
pressure of 30 atmosplutn's. A lower ])ressurc sometinu's gives inaccurale results. 
If the sample contains more than 3% sulphur, tluj bomb is allowed to stand 
in its water bath for fifteen minutes after ignition of the cliarge. 'I'ho bomb 
is allowed to c(m»1 fifteen minutes, oixmetl, and its contents washed into a 
beaker. If the bomb has a lea<l wa.sher, 5 cc. of a saturated solution of sodijim 
carbonate is add(‘d, the contents ai-e heated to the boiling-point, boiled fiir ten 
minutes and filtered. 'I’his is necessary to d<‘compose any lead suljiliato from 
the wa.sher. The united washings arc filtered and neutrali/ed with ilCI, using 
methyl orange as an indicator. The neutralized solution is j)oured into the 
tulMJ of the Jackson turbidimeter,* diluteil to near the 100-cc. mark, shaken, 
then acidified with 1 cc. of 1 : 1 hydrochloric acid, made uj) to the mark and 
mi.\ed well by shaking. One of the barium chloride tablets is then drop]H;d in* 
and the tube closcid by a (ilean rubber stopjK*r. The tube is then tilted up and 
down, causing the tabh't to roll back and forth through the solution by 
gravity. When the pn*cipitation appears to be comjdete, the remainder of 
the tablet may be dissolvetl by rapidly rotating the tube; violent shaking should 
be avoided. The turbitl licjuid is transferred to a beaker, the catidle lighted, a 
small quantity of the liciuicl j)oured into the glass tube to prevent overheating 
and cracking, and the tul)e put in ]>luce. More of the litpiid is then poured 
in, allowing it to run down the side of the tube, rapidly at first, until the imago 
of the flame liecomes dim, then more slowly, waiting a minute after each addi- 

^ Veith, ** Das Erdocl," p. 244. 

* Allen and Robertson, Technical Paper 2fi, Bureau of Mines; Chem. Abstracts, 6, 
2997| 1912. 

» Mucr, J. Ind. and Eiir. Cliem., 3, 55G, 1911. 

^ Froiii tho Frazer Tablet ('«., l^rooklyn, N. Y.; or 1 gram of barium chlorido in 
dilute Bolution can be slowly added. 
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tion until the liquid in the tube is quiet, and continuing thus imtil the imitgw of 
the flame just disappears. The depth of the liquid in centimeters is noted 
and the weight of sulphur found from the table on pages 676 and 677. The 
mixture is returned to the bcakor, poured back and forth from beaker to tube 
two or three times and read again as before. 

Or the barium sulphate can lie determined in the usual way gravimetric- 
ally. In case a turbidity too low to bo read with the apparatus be obtained, 
a larger quantity of oil must be used. Gasolines and light oils can be weighed 
out in a gelatin capsule. 

The percentage of sulphur in a kerosene should not exceed 0.05; the Penn- 
sylvania oils contain usually 0.02 to 0.03, the Lima 0.04 to 0.05.* 

Detection of Acidity. Shake e(|ual quantities of oil and warm water in a 
test-tube, pour off the oil, and test the water with litmus paper. If the water be 
strongly acid, the quantity may lx> determined as in “ Free Acid," page .596. 

The acid in this case is most probably sulphuric, coming from the refining 
proce.ss. 

Si'Jptiiiric Acid Test. 'Hie object of this test is to judge of the degree of 
refinenumt of the oil, .a ixTfcctly refined oil giving little or no color when sub- 
mitted to the process. ()ne hundred grams of oil and 40 grams of sulphuric acid, 
1.73 siK'cifio grjt\-ity, are shak<Mi t-og(‘thor for two minutes in a gla.ss-stopiiered 
bottle and the color of the acid noti(;eil. For comparative work this color is 
matched by solutions of liismarek brown.* 

Mineral Salts. Salts of Ciileiiim or magnesium when dissolved in the oil 
diminish its illuminating power; their action is to form a crust on the vrick 
and prevetit access of air. 

liedwoofl .states that 0.02 gram of cither of these salts in 1000 grams of oil 
diminishes th<i illuminating jjower 30 to 40% in eight hours. 

They are <let.«*nnin(*(l by distilling 100 to 2(K) cc. of the oil down to about 20 
cc., ev.aporating and igniting this re.sidue, and subseciuently treating with hydro- 
chl(»ric acid. 'Fhe ejdeiuni and magne.sium are then determined in the usual way. 

Determination of Water, lly rubbing the oil together with a little eosin on 
a gla.ss plate the oil will tak «5 on a pink e.(»Ior if water lie present. 

'I’lic evaporation nudhod is approximate and applicable only to heavy oils 
and grt'ases. Its accuracy even with ht^avy greases is questionable. 

Dilute* the oil with an etpial volume of l)cn7.ol, whirl it vigorously in a cen- 
trifuge until the .separated laycir of water docs not ap{x;ar to increase in volume. 
However, iis water is sonunvliat .soluble in any diluent u.sed and also in oils, 
a portion of the water content will fail to apix'ar, consecpiently the method 
in which a diluent is u.sed cannot be considered accurate. It is advisable first 
to agitate the diluent vigorously with water and then to separate with the 
centrifuge in order to ssiturate it w'ith water before using. 

Groschuff ® stjit(!s that 100 grams of benzene will dissolve 0.03 gram of water 
at 3° C. and 0.337 gram of water at 77° C., whereas petroleum products (dens- 
ity 0.792) will dis.solvo from 0.0012 gram at 2° C. to 0.097 gram at 94° C. 

* Kissling, Ch., llev. Fctt und Harz. Ind., 14, 157, 1906. 

* J. Soc. Chem. Ind., 15, 678, 1896. 

» Dingier, Pol. J., 266, 427, 1887. 

* iteported by Allen and Jacobs. Bureau of Mines Technical Paper No. 25, 1912.^ 

* Groschuff, F., " The Solubility of Water in Benzene, Petroleum and Paraffin in 
Oil," Chem. Abs., 6, 2550, 1911. 
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While water to the extent even of 3 or 4% is apparently without influence on 
the viscosity, 1% extinf;uisli(‘s the flame when making; the flash test. 

Color. This test lias lost its ini|X)rtancc since oils are sometimes satis- 
factory despite their yellow color. The determination is usually inailc with the 
Stammer colorimeter in which the di'ptli of the oil is changed in a cj'linder until 
it matches the color of a slandard plale of uranium glass. Standard white 
oil requires a depth of oO mm. and water white from 300-320 mm. to match the 
color of the plate. 

For a cut of the instrument and method of using, reference may be had to 
Holde’s “ Examination of Hydrocarbon Oils,” translated by Mueller, page 52. 

(b) Lubricating Oils 

The tests to be made are, in the onler of their importance, viscosity, specific 
gravity, evaporation, cold test, flush test, fire test, test for soap, carbon residue 
testy friction test. Saponification value, tarry matter insoluble in 88® naphtha, 
and added impurities are also determined. 

The office of a lubricant is to prevent the attrition of axle and journal box by 
interposing itself between them in a thin layer, upon which the shaft revolves. 
The ideal lubricant is that which has the greatest adhesion to surfaces and the 
least cohesion among its own jKirticles, or, as the practical man expresses it, the 
most fluid oil that will do the work and stay in i)lace. The determination of its 
viscosity or “ Ixaly ” is then of the first iinjxn’tance. 

Viscosity Ls the degree of fluidity of an oil or its internal friction. It is inde- 
pendent of the siM'cific gravity of the oil, although this in the pijxitte in.struments 
influences the time of cfllux. Within certain limits it may be taken as a measure of 
the value of oil as a lubricant, by comparing the viscosity of the oil under examina- 
tion with that of ot her oils which have been found to yield good results in practiee. 

The instruments employed for its determination m.ay be divided into two 
classes— pipette viscosimetei's, giving the time of efflux, as those of ICngler, 
Saybolt, and others, and torsion viscosimet(?rs, giving tlie retardation duo to 
the oil, tho.se of Macmichael and Doolittle. 

In expres.sing viscosity, con.se<juently, it is necessary to give the name of the 
instrument with which it is determined. It is sometimes expressed sis sixicific 
viscosity, that is, the time of the oil divided by the time of water; this is only 
comparative when done with instruments of the same name, that is, sixjcific vis- 
cosity hhigler is n«)t the same figure as si«;cific viscosity Saybolt. besides this 
manner of expressing visco.si(,y, it is occasionally measured in absolute ((^tJ.S.) 
units or d 3 'ncs. This is po.s.sible when the diameter of the orifice, its length, the 
quantity and specafic gravit.v of the oil, its time of efflux and change of head are 
known. Where it is impracticable to determine all the.so data, by direct moa.sure- 
ments, the readings of a viscosimeter tna.v be (‘hanged into dimes by determin- 
ing the viscosity in s(‘conds of standard .solutions of gljmerine, the viscosity of these 
being determined in di’iies from tabh’s (»f phy.sical constants. Or it may be done 
by use of the the tables on pages 575 aiul 608. 

Engler Apparatus. Deyrriplion. The ai)i)aratus (Fig. t'S) consists of a flat, 
brass cylindrical vessel. A, 106 mm. in diameter and ai)out 62 inm. deep, holding 
240 cc., provided with a jet 2.!) mm. in diameter and 20 mm. long. This vessel 
is gilt inside and the jet, in the standard instruments, is of platinum — ordinarily 
it is made of brass; the vessel is surrounded with a bath, B, either of water or 
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oil, provided with a stirrer and heated by a ring J)urn('r. The jot is closed by the 
wooden valve, F , passing through the cover, and a thorinometor, r, shows the 
temperature of the oil; three studs show the height to which A is filled and 
at the same time when it is level. The oil 
ordinarily is tlischarged into the 2(K)-cc. flask, 
although in case the oil or time be limited, 100 
or 50 CO. may bo used and the time of efllux 
multiplied by a suitable factor. The iti.strument 
is standardized witli water, 2(K) ce. of which at 
20® C. should run out in from 50 to 52 seconds. 

Mnnipulatim. 'I’lie instrument is thor- 
oughly cleaned with alcohol and ether if neces- 
sary and dried; any susixjnded matter is removed 
from the oil, which is poured into it up to the 
level of the studs, stirred until 20® C. is reached 
and the bath adjusted to the same temperature. 

The flask is placed beneath the orifice, the plug 
raised and the time required for 200 cc. of oil 
to flow out is noted; this is divided by the 
water value of the instrument and gives then 
relative or specific visco.sity. If only 50 cc. are 
allowed to nm t)ut the time must be multiplied by 5, and if 100 cc., by 2.35. If 
only 50 cc. were put in and 40 cc. allowed to run out, multiply this time by 3.62 

to obtain the time for 200 cc.; if 66 cc. 
and 50 cc. run out, multiply by 2.79.^ If 
it be desired to express the viscosity in 
absolute measure (tLG.S. units) it can be 
done by reference to Ihe table on page 
(508. It should be noted that siiecific 
viscosity obtained with a different type 
of inslrument, c.g., the Saybolt, is not 
the same as with the Engler. 

The Saybolt Viscosimeter.* — The 
Standard Universal Viscosimeter is the 
one now u.scd for te.sting cylinder, valve, 
and similar oils at 210° U.; ; educed black 
oils at 130° F.; ipindlc, paraffin, red, 
and other distilled oils at 100® F. 

The Urtiversal Viscosimeter. De- 

scriptinn. This consists of a brass tube, 

Fn;. SU.— Sayhc.Il, Vi^r-oa’mctcr. 4' farming the body of the piiiette pro- 
vided with a jet, K. The upiwr part of 
the piiiette it surrounded with e. gallery, li, which enables a workman to fill it to 

^Gans, Ghoni. Rovue dc*r l‘Vtt und Harz. Ind., Ci, 221, 1S99. 

•Redwood, J. Soc. Cliem. Ind., 5, 124, issr». This was formerly made in three 
forms. A, H, C. Apparatus “ A ” was the standard for tesfiiiK ut 70® F. Atlantic Red, 
Paraffin, and other distilled oils; “ Ji " for testing at 70® F. Black Oils of 0®, 15®, 
25®, and 30®, (/old Test, and other reduced oils up to, liut not including. Summer Cold 
Test Oil. Apparatus “ C " was used for testing at 212® F. Reduced, ijummer, Cylinder, 
Filtered Cylinder, XXX Valve, 26.5® Be., and other heavy oils. 




Fig. 88. — liJnglcr Viscosimeter. 
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the same point every time. The pifiette is eontainod in a water bath, C, which 
can either be iieatcd by steam or a ring burner, D; a tin cup with sjxjut, a strainer, 
thermometer, pijwitte with rubl)er bulb, stop watch, and beaker for waste oil 
complete the outfit. It may be u.sefl for testing cylinder, valve, and similar 
oils with bath at 212° and oil at 210°; for te.sting mluced, black oils, bath and 
oil at l.'iO"; for testing .spindle, parifTiii, re«I j.nd othcir distilled oil bath and oil 
at 100°. When used for t<‘.sting .at 212° F., it imiy be used with either gas or steam 
alone or both in combination. If with both, tin; steam may be inlrodmasd 
slowly, more for its condensation to replace evajioration than for real heating pur- 
poses, depending upon the gsus flame to reach the boiling-ixiint, and keeping 
it there during the oj^ration of test. The bath ve.ssel should alwaj's be kept 
full during a test, whether at 212°, FIO", or 100°. When used at I.'IO" or 100°, 
gtis alone is u.sed to bring the bath to the ineserilw'd tem|K*rature, and turne<l olT 
during the operation of test, the large sisse of the bath usually ix'rmitting making 
one test without reheating. 

Its dimensions arc as follows:^ 


Diameter of overflow cup 61.0 nun. 

Depth of overflow cup 13.0 mm. 

Diameter of pipette A 30.0 mm. 

Depth from starting head to outlet jet 113.0 mm. 

Length of outlet jet 13.0 mm. 

Diameter of outlet jet 1.8 mm. 

Capacity of pipette A 70 cc. 


Manipulation. 1. Have the bath of water i)repared at the i)rcscribed tem- 
perature. 

2. Have the oil strained into one of the tin cuixs, in which cui> it may be 
heated up to about the standard temperature. 

3. Clean out the tube with some of the oil to be tested by using the lounger 
sent with the instrument. 

4. l*Iaee the cork (.as little distance as possible) into the lower outlet coupling 
tube just enough to make air-tight, but not far enough to nearly touch the sm.all 
outlet jet of the tube pn>ixjr (one-eighth to one-(iuarter of an inch may be enough). 

5. Pour the oil from the tin cup (again through the strainer) into the tube 
proper until it overflows into the overflow cup up to and .above the upjwr edge of 
tube projicr. 

6. Now again see that the bath is at the prescribed f<'m|>eraturc. 

7. Use the thermometer sent with the instruuK'iit by stirring to bring the 
oil just to the standard temjK'rature. 

8. Ilemovc the thermomelor. 

9. Draw from the overflow cup, Avith a pijx'tlc, .all tla; .surplus oil down to a»id 
below the upix*r edge of tube im)])er. This in.sures a i>osi(ive starting head. 

10. Place the 60-cc. fliusk under an<l clirectly in line with the outlet jet, and us 
close to the cuu])ling tube a.s is practi<-al)le to permit of room for drawing the cork. 

11. With the watch in left hand draw the cork with the right, and simultane- 
ously start the watch. 

12. The time retpiired in the delivery of GO cc. is the viscosity. 

13. Clean out the tube proper before each test with some of the oil to be tested. 

14. No drill or other instrument should ever be u.sed in the small outlet jet of 
tube proper. 


‘ Private commimication. 
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Tho tube should bo cleatied out before each test with some of the oil to be 
tested. Black oils or any oil containing sediment should be carefully strained 
before testing or “ running,” as it is technically termed. The instruments should 
be carefully guard(‘d fr»nn dust when not in use. 

'File results obtained with this instrument are not the same in many cases 
as tho.se furnished by the A, 13, and C instruments, but they seem to have been 
adopted by the trade generally. 

It is worth noting that 3 or 4% of water are apparently without influence on 
the vi.s(;osity. 

Absolute Viscosity. This expre.sses viscosity in dynes, that is, the force neces- 
sary to i)roduce the acceleration of I cc. per second on the mass of a gram. 
It is indeiKJiidcnt of the instrument used; Engler numbers can be converted to 
absolute viscosity by the following factors: 


Krmlor No. Absolute Viscosity Dynes per Sq.Cm.* 

1 0. 01 006 Xspecific gravity 

2 0.1146 Xspecific gravity 

5 0.353 Xspecific gravity 

10 0.726 Xspecific gravity 

20 1.46 Xspecific gravity 

30 2.19 Xspecific gravity 

60 4.38 Xspecific gravity 


The Engler numbers of 5 or over are quite nearly proportional to the absolute 
viscosities. 

Specific Gravity. See under Burning Oils, page 569. 

Evaporation Test.* Tho object of tliis test is to determine what percentage 
of an oil — m«)re csi)ecially a spindle oil — is volatile when exposed to nearly the 
same conditions as it is on a bearing. 

I’he oil is exixjsed u[jon annular disks of filter-paixjr If in. outside diameter, 
with hole I in. in diameter, which have Ix^en standing in a sulphuric acid 
tlesieeator for several days, contained in a flat watch-glass. 

Manipulation. The watch-glass and paper are weighed — to tenths of a milli- 
gram -and about 0.2 gram of oil bmught upon it by dropping from a rod, 
and accurately weighed. 'Phe watch-glass is now placed in an air bath, the 
temixirature cif which remains nearly constant at 60° to 65° C. (140° to 150° 
h’.), and heated for eight hours. It is then cooled and reweighed, the loss being 
figxired in jxir cent. No oil should be passetl which gives an evaporation of more 
than 4%. 

The following table of results upon some spindle oils shows the relation of 
gravitj”, flash point, atid ev'aporal ion : 


(Jravity. 

Fhi.sh, °F. 

livaporation. 

Gravity. 

Flash. ®F. 

Kvaporation. 


268 

7.0% 

.862 

352 

0.9% 

.816 

318 

4.4% 

.866 

366 

1.7% 


348 

2.0% 

.870 

384 

0.8% 

.852 

348 

1.0% 

.882 

364 

1.7% 

.8.56 

336 

1 

1.4% 





’ Waidner, Proc. Am. Soc. Test. Mat., Pt. I, 293, 1915. 
* Archbuit, J. Soc. Chem. Ind., 15, 326, 1896. 
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Notes. The tomperature employed, 0.5“ C., is iii)proxitnsif.ely that attainwl by 
a bearing (in a spinning frame) after running two liours, thus leaving the oil exposed 
to it for eight hours, assuming a ten-hojir day. 

The test is important to tlie insurance underwriter, beeaust? it nieasurcs the anw)unt 
of inflammable material sent into the air, and hence the liabilitv to cau.se or aid 
conflagrations; it is important to the mill-owner, as it indieat(*s the quantity of oil 
left upon the bearing, hence serving its purpo.se. 

The test Ls made upon other oils by heating them si.\ hi>ur.s in a shallow dish to 
100°, 150°, 220, or y00°, sometimes in a draft of air. 

Cold Test. This may be defined as the temperature at whitfli the oil will just 
flow. 

Mnmpulation. A 4-o/. vial is oue-fourth filled with the oil to be examined, 
a short, rather heavy, thermometer inserted in it, and the whole i>laced in a 
freezing mixture. When the oil has become solid throughout, let it stand 
one hour; the vial is removed, the oil allowed to soften, and thoroughly stirred 
until it will run from one end of the Isdtle to the other. The reading of the 
thermometer is now taken by withdrawing it and wiping off the oil with waste 
to render the mercury visible.^ 

The chilling-point is the tcmf)erature at which flakes or scales begin to form 
in the liquid, and is determined similarly, by cooling the liquid 5° at a time. 

Freezing Miviures. For temperatures above 35° F. u.se cracked ice and water; 
between 35 and 0° F. use two parts of ice and one part of salt; and from 0 to —30° F. 
use three parts of crystallized calcium chloride and two parts of fine ice or snow. 
A still more convenient means is by the use of solid carbonic acid dissolved 
in ether, giving — 50° F. readily. 

The preceding method is ojxjn to quite an error from the personal equa- 
tion of each observer. To obviate this Martens * proceeds as follows: 

The oil is poured into a IT-tube 1 cm. in diaineter, 16 cm. high, with 3 cm. 
between the bends, to a depth of 3 cm.; it is then placed in a freezing mixture, 
cooled, and connected with a blast at a constant pressure of 3 cm. The temper- 
ature at which the oil begins to flow under these conditions is considered as the 
cold test. 

Flash Point. Sev'eral forms of apparatus for testing the flash point of lubri- 
cating oils have been devised: ]*ensky-Alartens’s clo.sed tester employing a stirrer 
is used in Germany. Alartens states in a later article that stirring is unneces- 
sary. In this country an oi)eu cast-iron or spun brass cup — the Clev'cland open 
cup — If in. high by in. in diameter, heated by a Tirrill burner in an air bath is 
quite extensively used. Dudley and Pease use an open porcelain dish heated 
with a Bunsen burner. 

The cup. Fig. 90, is filled with oil to about J in. from the top and the 
thermometer is susixjnded so that the bulb is just immersed in the oil. The 
oil is heated at the rate of 10° F. a minute by a Bunsen burner with a pro- 
tecting chimney; as the flash point is api)roachcd, a hwt is made for every rise 
of 3° by slowly passing the small bead-like test flame across the cup near 
the thermometer. The oil should flash near the thermometer when the 
proper point is reached. The fire test is, as a rule, .50° to 80° higher than the 
flash point. As the oj)en-cup tests are easily affectcid by drafts, they are subject 
to errors of 5° F. The thennometers used should bo compared with a standard 

‘ Dudley and Pease, An. Eng. and R. R. .1., 60, 3:i2, 1895. 

•Mitt. kgl. tech. Versuchstation; abstr. J. S«)c. Chein. Ind., 9, 772, 1890. 
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and corrected for sUmh exposure. When this is done it is suggested that “ corr. ” 
be added to the retuling: thus, “ flash 379° F. corr.” 

Fire Test. The ct)vpr is supported above the cup, and the heating and 
application of the testing flame continued as in making the flash test. 

The method of n^cording is the same as in the case of the illuminating oils, 
one column for times and another for temperatures. Holde ‘ finds tluit with oils 



F«j. 90. — CJIevcland Cup. 


flashing between 172° C. and 241° C. the exact (juantity of oil used is of little 
importance. In these particular cases a difference of filling of 13 cc. altered the 
fltjsh p< 3 int only 1-1.5° C. For the effe<it cf water see page 572. 

It is worthy of notice that the free fatty (oleic) acid contained in an oil lowers 
its flash point apparently in proi)ortion to the quantity present. 


* J. Soc. Chem. Ind., 16, 322, 1897. 
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Detection of Soap. To increase the viscosity of an oil,^ resort is had to thh 
use of “ oil pulp,” “ oil-thickener,” or “ white gelatin,” usually an oleate 
aluminum, though other bases may lie present. Its disadvantages are t^t it 
causes the <m 1 to chill more easily and to enmlsify, thus increasing the frictioA-. 
Furthennore, it is precipitated by contact with water or steam, caiising clogging; 
•ci ^e machinery. 

The test depends upon the fact that the metaphosphates of the earthy and 
dftsall Cnetalsnnd aluminum are insoluble in absolute alcohol.* 

The is applied as follows: five to 10 cc. of the oil to be tested are dissolved 
in about <5 cCk of gasoline or ether, and about 15 drops of the phosphoric acid 
Solution (Appendix, Reagents) added, shaken and allowed to stand; the 
fennatioii of a flocculcnt precipitate indicates the presence of soap. An idea 
of the kind of soap can bo often gained by adding an alcoholic solution of PtCyb. 
If the precipitate i)eoomos crystalline it is a potash soap; if it dissolves, soda, 
lime, or magnesia; if unchanged, alumina or iron. 

For the accurate determination of the.se compounds a known weight of the 
oil must be ignited, the residue determined and (piantitativ(>ly examined. 

Caoutchouc. Ilolde * states that 1 to 2% of unvulcaniKcsl <;n<iutchouc is some- 
times added to oils to increase their viscosity. 'I’his may be dotc*cted by adding 
three parts of alcohol to four parts of the ethereal solution, whereby the rubber 
material is precipitated and may bo dri(*d and W(‘ighed. 

Test for Fatty Oils. To defect small <]uantiti(‘S of fatty oil (i to 2%) Lux^ 
recommends heating a few cubio centimetei's of the oil for fifteen minutes with 
some bits of sodium in a test-tube in an oil bath; a similar te.st is ma<le with 
sodium hydrate. The temperature employed should be for light oils al)out 230°, 
for dark oils 250°.* In case fatty oil l)e pre.sont, the contents of one or both 
of the tubes solidify to a jelly of greater or less con.si.stence according to the 
amount of fatty oil pn?sciit. 

The quantitative determination of the.so oils, as for example in cylinder oils, 
is effected after the maimer of determining the sa])onification value (page .'>87) 
or the detection of un.sai)onifinble oils iii fatty oils (page 5.SS). 

Schreiber* adopts a method similar to Sweedhum and Ilonriques, in that he 
dissolves 5 grams of the oil in 25 cc. of benzole, adds 25-50 cc. N, 2 ah'oholic 
IMitiish, and boils for half an htmr on the water bath, using a 3-ft. glass tube as a 
condeiKser. 

Gumming Test.^ This is dc-signed to give an idea of the amount of a 
change that may he exiK'ctcd in a mineral oil when in use. These resinified 
products increase the friction of the revolving or rubbing surfaces.* It is also a 
measure of the amount that an oil will “ carbonize ” in a gas or gasoline engine 
cylinder. It is applied after the manner of the claidiii tc.st, by thoroughly 
mixing together 5 grams of the oil in a cordial glass with 11 grams of nilrosul- 

* In a case which caiiict to the writer's notice the oil would not flt>w out of the Say* 
bolt “ A " apparatus at 70°, at 85° r<*quin*d 1 Ui7", and at 110°, 181.” 

* Schweitzer and Lungwitz, J. Soc. t^hein. Jn«l., 13, 1178, 1804. 

•“ Kxninination of Hyilrocarboii Oils,” p. 160. 

* Z. anal. Cheni., 24, 3.57, 1885. 

* Holde, Fntersuchiing <1. Schmierfile u. Fette, p. 175, 

* J. Am. t^hem. Soe., 29, 74, 1907. 

» dill, J. Am. Chem. Soe., 24, 407, 1002. 

* Aisinnian, J. Soe. Chem. Ind., 14, 282, 1805. 
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phuric acid and cooling by immersion in a pan of water at 10-15**. Brownish 
spots or, in case of a bad oil, masses, form around the edges and become red in 
the course of two hours. The cordial gloss is filled successively three times 
with 70-86** naphtha and the oil dissolved off the surface of the acid, the gaso- 
line solution being sucked off into a bottle with an air pump. Care is taken not 
to suck off any of the tarry matter formed. The acid can be neutralized with 
ammonia and the tar can be collected on a tared filter, washed with gasoline 
that leaves no residue on evaporation, dried at a low temperature, and weighed 
as gummy matter. As shown by long practical experience, the oil showing 
the least tar or gum is the best oil; it also absorbs the least oxygen. 

Carbon Residue Test. Gray’s Method. To a tared 1-oz. quartz flask of the 
dimensions shown in Fig. 91, add 25 cc. of the oil to be tested and weigh. Wrap the 
neck of the flask with asbestos paper as far 
down as the side arm. Stopper tightly 
with a good cork. Connect to a small 
aerial condenser by plugging the space with 
asbestos or glass wo(»l. Provide a shwild 
which will protect the flame and tla* (husk 
up to the side tid)e. Using the flame of a 
good liunsen or Tirrell burner, heat the 
flask so that the first drop of <listillate will 
conu; over in approximately five minutes. 

Continue the distillation at such a rate 
that 1 drop iwr second will fall from the 
end of (ho condenser. As the end of the 
<listillation appniaches, increase the heat 
just enough so that no heavy vapors are 
allowed to condense and drop back into the flask; continue increasing the heat 
until the flask is enveloped in the flame, and hold the temperature five minutes. 
Alhiw the flask to cool, remove the asbestos covering and cork, and burn out 
completely the carbon and oil in the neck as far down as the side tube, and in 
the side tube. Heat the bottom of the fla.sk until no more vapors are given off. 
Cool and weigh. 

Mot.<»r oils, of light and medium grade, range in coke-like residue from 
0.06 to 0.5%, the percentage offixed carbon . being roughly proportional to the 
viscosity of the oil. That is, the higher the viscxisity, the higher will be 
the percentage of fixed carbon, provided the oils have been manufactured from the 
same grade of crutle petroleum by the same general methods. The heavy and 
extra heavy motor oils range from 0.5 to 1.259^. As the percentage of fixed car- 
bon varies with the visco.sities of the oils, the viseo.sity should be taken into con- 
sideration. For illustration, it woidd not be f.nir to compare a motor oil having a 
viscosity of 200 at 100“ F., Saybolt, with a motor oil having a viscosity of 400 at 
the same temperature. 'Fhc carbon residue in the 200 visco.sity oil would be in 
the neighborhood of 0.2%), where as the fixed carbon of the higher viscosity oil 
would be in the neighborhood of 0.75%. 

Gasoline Test. This shows the presence of tar (still bottoms) or asphaltic 
matters. 

Mix 10 cc. of the oil with 90 cc. 86”-88“ gasoline (fnun Pennsylvania crude) 
B.pt. SO^-fiO® C^, allow to stand one hour at 70“ to 80“ F.; not more than 10% 
of flouculent or tarry matter should have settled out. This settling can be 
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facilitated by whirling in a centrifuge in a graduated tube in which the volume of 
the precipitate can l>e read off. If the test be apjilicfl to tlie oil Inifore making 
the flash test and then again after this test it shows the extent to "whieh the 
oil is changed upon heating. Other things being e<iual the oil which is changed 
the least is the best oil.* 

Microscopical Test, Put a few drops of tlie well-mixed oil on a slide and 
note the nature of the suspeiuh'd mattcT — whether earhonucetjus specks, flakes 
of paraffin which disappear on wanning, or foreign matter. A good oil should 
be practically free from all the.se bodi(‘s. 

Friction Tests. 'J’hc writ<‘r is inclined to doubt if friction tests are worth 
the outlay for a ma<‘hitje an<l the (inie ex]K*nded in their execution. With- 
out question they do determine the relative eflieieiicy as regards lubricating 
power of different oils, but the conditions under wliich the te.st is made seldom 
occur in practice; the bearings upon which tlie oil is t(>sled are as nearly jierfect 
as can be matle, and the feed and load are as regular as is liossible; in other 
words, the coiulitions are ideal. 

The lubricating jxiwer of an oil is so closely related to its viscosity * that the 
author believes that re.sults of more practical value can be obtained by the 
determination of the viscosity of the oils, and subsequent observation of their 
behavior in actual u.se than by the longer and more troublesome friction test. 
Recent experiments,* however, have shown that of two oils of the same viscosity 
and other constants the coefficient of friction of one wiis 14% less than the other. 

In case, however, it be desired to make the friction te.st, the following machines, 
it is believed, will be found to l»c most satisfactory for the purpose: 

For spindle oils and light lubricating oils, the machine * of the Thurston 
type which can lx? run at the highest s]X3e<l and lowest pressure. 

For heavy oils and railroad work, the large machine of the Thurston ® tyjx?, 
descril)ed in his “ Friction and Ixjst Work in Machinery and Millwork," page 254; 
also in Brannt, page 48(i; also in Archbutt and Deeley.* 

For machin<‘S using a floo<led bearing the Jieaucham|)-Tower machine, de- 
scribed in the "Proceedings of the In.stitution of Mechanical ICngincers of (Ircat 
Britain,” 1883, G32; 1884, 29; 1885, 58; 1888, 173; 1891, 131; also in 
Archbutt and DeeleyJ 


ANIMAL AND VEGETABLE OILS 

The tests most commonly employed for the identification of these oils are as 
follows: siKJcific gravity, refractive index, V^alci^jta tc.st, elaidin test, Maumen6 
test, iodine mimlK*r, atul .saponification value. 

In addition, certain si)ecial and commercial te.sts are applied, as Bechi 
test, Baudouin test, free acid, spontaneous combu.stion, an<l drying test. 

Specific Gravity. This is usually determined cither by the Westphal balance 
(page 569) or by the picnonider. 


* Conradson, J. lud. and Fng. Ch., 2, 171, 1910. 

* Brannt, " Petroleum and its I’roducts,” p. 510; Woodbury, vide infra, ' 

* Trans. Am. Soc. Mech. Kng., 82, 8.34, 19H). 

* Made by Olsen or liiehle Bros., l’hila{ic‘l|>hia, Pa. 

' " Lubrication and Lubricants,” 1907, pp. 332-348. 

* Ibid., p. 359. 
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A two-npckocl flnsk f>f 50 ct*. cap;i<‘ity, liav'iTig a thermometer carefully ground 
into one ne(!k, the second one being a narrow tube bearing the mark, is most 
suitable. This is filled with the oil to bo examined, coolecl to 15.5° C.,* 
the excess of oil removed and weighcnl. If the weighings be made to 0.5 milli- 
gram and a corrp<*lion applied for the expansion of the glass by the diflfer- 
ence in teinijcrature == 15.5 —4 — 1 1.5° = —0.025% of the value obtained, the 
determination is accurate to 0.0(KX)2.* 

For the determination of the s|)eeifie gravity of small quantities of oil, 
satisfactory results can be obtained by weighing 1 <)r 5 cc. of the oil carefully 
measured from an accurabily calibrated i)i|K‘tte. Or a mixture of alcohol and 
water can be made until a drop of oil will stay in any ])osition in it, and its siiecific 
gravity determined. 

Refractive Index. This is of the same value as the determination of specific 
gravity: it has, however, the advantage that it is more rapid and u.scs only one 
or two droi>8 of the j>il. 

The apparatus preferably employed is the Abb6 refractometer. Fig. 92, the 
prisms of which are kept at constant 
temperature, usually' 25° C., by circulat- 
ing water. 

The illuminating mirror should light 
the cross hairs and the telescope should 
be sharply focused on them. 

The double prism is opened by means 
of the screw heads, and after carefully 
cleansing the prisms with cotton and 
ether, a drop or two of the oil jJaced 
on the horizon! al surface of the fixo<l 
prism. The prisms are (hen lightly closed. 

The l<.*lesco|K‘ is brought into the ]K»sition 
shown and the sector is firmly held and 
the alidade (the moving ])art) jhovcmI for- 
ward until the fiehl of vision shows (he 
boundary between light and .shade just 
intersecting the cross hairs. 

By means of the screw on the right 
of the instrument this boundary line 
should be made jus shjirp jis jMissible. 

The index of refrjiction is read off <lirectly 
from the sector, using a lens if necessjiry; 
the rejiding is accurate to .0002. 

After using, the prisms are again care- 
fully ck'ansed and a piece of filter pjqjcr placed between them to prevent them 
from being scrsitched. The instrument is in correct adjustment when water at 
18° gives a mean reading of 1 .333. The IcmiMiraturc correction for oils and fats 
is O.OOO'l for ev'ery degree rise. 

Valenta Test.* Although considered oy some to bo unreliable, yet as the 

* Allen (Organic Analysis, 33) states that a correction of 0.00064 can l>e made for 
each variation of 1° C. 

* Wright, J. Soc. Chein. Ind., 11, 300, 1892. 

* Vjilcnta, Dingier polyt. J., 253, 418; also J. Soc. Chem., Ind., 8, 643, 1884. 
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indication given by this test may be of value, it is barely worth the trouble of 
execution. It dejx'nds ui)on the solubility j)f the oil in glacial acetic acid. 

Enough oil is jjoured into a test-tul)e to fill it to the depth of about 1 in., 
the exact height being marked by the thumb; an equal (juantity of glacial acetic 
acid is poured in, that is, until the aci<l reaches the ]K)int indicated by the thumb. 
A light thermometer is placed in the tul)e, and it is heated until the oil dissolves 
— shown by the liquid beconung homogeneous. The tube is now allowed to cool, 
and the ixnnt noted at which it begins to iH'come tht)roughly turbid. 

Casbir t)il is soluble at ordinary temjKjratures, wliile raix^stH'd and other 
cruciferous oils are usually insoluble even at the boiling-point of the acid. The 
temperatums at which other oils become turbid are given on i)ag(*s (>04 Jind (iCW. 

Elaidin Test. Although this is not a (piantitative tesl,, yet its esise of applica- 
tion and the conclusions which may lie drawn from it render it valuable. It 
depends upon the change of the litpiid olein into its solid isomer elaidin, an<l is 
especially apfdicable to olive and lard oils. 

Manipnlntim. Five grams of the oil are weighed ' -within 2 drops — into a 
cordial glass, 7 grams of nitric acid, s|)ecific gravity l.Ift, are then w<‘iglied into it,’ 
and two pieces of coppt'r wire (O.b to 1.0 gram) added. Plac'e the gla.ss in a i)an 
of cold wafer at about 12° and stir w'itli a short gla.ss rod about 20 to .30 turns, 
not onlj’’ writh a rotary movement, but also with an up-aml-down mofioti, so as 
to mix the oil and the evolved gas thoroughly. When the wire has di.s.solved, 
add a st'cond jiiece and stir as bef«)re- I'his scjamd additioti should furnish gas 
enough if the li<|uid has been kept cool and the stirring has l)<'(‘n thorough. 

At the entl of the fii'st hour, pure lanl oil will usually show flakes of a wax-like 
apiHiaraiice, ainl uimhi .standing without disturbance and at the satne teinix*rature 
for another hour, t he oil will liave changed to a soli<l white cake hard enough to 
bear several ounces’ weight, or admit of lifting the glass and contents by the glass 
rod. 

Mo.st of the fish and seed oils yield a pasty or buttery mass .scixirating from a 
fluid {xirtion, whereas olive, almond, {wanut, lard, sixirm and sometimes neat’s- 
foot oil, yield a solid cake. 

Instead of using nitric acid and copjxjr, sulphuric acid of 46° ]iaum4, con- 
taining a little nitric acid and saturated at 0° C. with nitric oxide, may bo em- 
ployed. 

A test shmdd aluniys be made at the satne time with an oil of undoubtetl purity. 

Notes. If the oil be stirred too much or too frequently, or is too warm, it no 
opportunity to fiirm a hard cake. 

Htibl states that all attempts to make the test a quantitative one have resulted 
in failure. 

Mercury can lie used instead of copper. 

Cailletet’s method,^ in which _a smaller quantity of oil is used, and sulphuric and 
nitric acids allowed to act U|K)n it in a Ixiilmg water bath, cannot, in the experience 
of the writer, be depended upon to give reliable re.sult8. 

Maumeiife Test.* While tliis, like the preceding, is not a quantitative test, 
yet the indications afforded by it are of more value in many cases than those 
obtained by quantitative methods, as, for example, the saponification value. 
It depends upon the heat developed by the mixing of the oil with strong sul- 

’ Not on the analytical balance. 

* Milliau, J. Am. Chem. Soc., 16, 156, 1893. 

* SOjCl gives similar results. 
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phuric acid. This takes place in a small beaker ?! to 9 cm. deep and of 150 cc. 
cai)acity, packed in an agate-ware cup with dry felt or cotton waste packing. 

Mamjmlati'm. Fifty grams of the oil are weighed * into the beaker to within 
2 drops, and its teinperuture noted by a thermometer. Ten cc. of sulphuric 
acid are now run gradually into the oil — allowing the graduate to drain five seconds 
— the mixture being stirred at the same tiim?, and the stirring continued until 
no further increase in teinjwrature is noted. The highest point at which the 
thermometer remains con.stant for any appreciable time is observed, and the 
difference betwetm this and the initial temperature is the “rise of tempera- 
tun*.” This vari(‘s with the strength of the acid employed, and to secure uni- 
formity * the results should be expre.s.sed by dividing the rise of temperature with 
the f)il by the ri.se of tem|x?rature with water, and multipl 3 dng by one hundred. 
This is called the “ sixjcific temixirature reaction.” The rise of temperature 
with water is determinetl in the same manner as with oil, using the same vessel. 

No'I'rs. In performing this test it is important that the oil and acid l>e of the 
same temj)erature, att.aiiied by ke(;ping them Iwwido each »»ther. 

The strength of acid should Ikj as far as {M)ssi)>Ie the same; it should bo doter- 
niined not l)y specific gravity, but by titration, as 100% and 94.3% acid have the 
same sixicific gravity. 

For concordant results the conditions should be the same, and the same apparatus 
should be uscxl. In case the test is to be applied to a drying oil, it should be diluted 
one-half with a mineral oil, 25° paraffin, for example, thoroughly mixing them. The 
“rise of temperature’’ is then, the ris<! of tcmi»rature of mixture minus half the rise 
of temperature of .50 grams of mineral oil, tnultij)lieil by 2. 

It. is advisable to make a test at. the same time with an oil of known purity. Re- 
sults should agree within 2%. By the use of the Hfibl formula, page 5iS(i, substituting 
thermal values, results comimrable with those obtained with the iodine value can 
be obtained. 

Sherman, Danziger, and Kohnstamm ‘ have studied this method with the idea 
of eliminating the erntrs. Rather than dilute the oil with a mineral oil they dilute 
the acid, using one of 89%. I’he msult.s obtained are a little lower for vegetable 
oils and a little higher for animal oils than those usually found with the strong acid 
as employed by Thomson and Ballantyne. Mitchell * uses an inert diluent — car- 
bon tetrachloride — in a vacuum-jacketed tulie and one-fifth the quantities; all oils 
are diluted. He finds that the results obtained are in close af^eement with the 
bromine thermal values; further, that the test may bo of use m determining the 
degree of oxidiition of fata and oils, the figures bficoming greater with the age of 
the oil. 

Data upon various oils will bo found on pages 603-605. 

References. 

Maumen6, Compt.-Rend., S6, 572, 1852. 

Ellis, J. Soc. Chem. Ind., 6, 361, 1886. 

Thomson and Ballantyne, J. Soc. Chem. Ind., 10, 234, 1891. 

Richmond, Analyst, 20, 58, 1895. 

Munroe, Am. Pub. Health A.s8’n, 10, 236, 1884. 

Iodine Number or Value. This is the percentage of iodine absorbed by an 
oil; the method depends upon the fact that different oils absorb different amounts 
of the halogcn.s; the process is mainly one of addition, although small quantities 

^ Not on the analytical balance. 

* Tortelli, J. Soc. Chem. Ind., 28, 668, 1904, is unable to secure uniformity in this 
way. 

* J. Am. Chem. Soc., 24, 266, 1902. 

* Analyst, 20, 169, 1901, 
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of substitution products are formed. For example, the unsaturated body olein, 
(Ci 7 H 3 sCOO)»C»irfc, when brought in contact with iodine takes up 6 atoms and 
forms the addition product, di-iodo stearin, (Ci 7 H 33 l 2 COO)?C 3 H 6 . Palmitin, 
(Ci»HmCOO)»C»Hs, when similarly treated, forms no addition pro<luct, but a small 
quantity of the aubatitution product, iodo-palmitin, (CiJl 3 i)ICOO)a(!!bH 6 , and 
the hydrogen displaced unites with the iodine to form hydriudic acid. The 
quantity of hydriodic acid thus formed is a measure of the amount of substitution.* 

1. Hanu^a Method. Manipxdation. From 0.12 to 0.15 gram of a drying 
oil, 0.2 to 0.3 gram of a non-drying oil, or 0.6 to 0.7 gram of a solid fat, is accu- 
rately weighed into a dry 200-cc. bottle. This should be of colorless glass and be 
provided with a well-ground stopper. This is best effected by pouring out about 
5 grams of the oil into a No. 1 beaker containing a short stirring rod, and setting 
it into a watch-glass upon the pan of the analytical balance, Tbe whole system 
is weighed, the beaker removed, and several drops of oil transferred to the bottle 
by dropping down the rod, being careful that no oil touches the neck. lOight 
drops are approximately 0.2 gram. The beaker is replaced in the watch-glass 
and the system again weighetl, the difference in weight being the amount of oil 
in the bottle. 

The oil is dissolved in 10 cc. of chloroform, 30 cc. of the iodine solution 
(Reagents) added — best from a burette— and allowed to stand with occasional 
shaking for exactly fifteen minutes; with oils of an iodine number of less than 
100, ten minutes suffices; 15 cc. of potassium iodide solution * are added and the 
solution titrated, with or without the addition of .starch, with sodium tiiiosid- 
phatc until the halogen disa]))R'ars. 

At the same time at which the oil is prepared, two “ blanks ” should be i)rc- 
pared similarly in every way to the actual test.s, except in tlm addition of the oil, 
and treated in every resiK'ct like them; the .strength of the thiosulphate solution 
should also bo determined the same day on which this test is carried out. 

St'n (hmlizatirm of the ThwKnli>halc Soiution. Ten cc. of potassium iodide 
and 1(X) cc. of water are poured into the Frienmeyer flask ; 20 cc. of the bichromate 
solution, <>(iuivalent to 0.2 gram of iodini*, are now measured in with a pipette, 
and to this 5 cc. of strong hydrochloric acid .added and the mixture shaken for 
three ininute.s. It i.s now titrated with tin* thiosulphate solution until the yellow 
color of the iodine has almost disaiipoarcd; starch jiaste is now added, and the 
titration continued until the deep-blue color of the .solution changes to a sea- 
green — due to CrCls,— which is usually brought about by the addition of a single 
drop. 

The reactions invoh'cd are: 

K.Cr 30 , + 14HC1 = 2CrCl3+2KCl +7H20+3C1»; 

SCb+OKI =6KCH-3l2; 

GNajS^O, +31, = 3N.i,S406+6NaI. 

Notbs. Wijs * uses iodine cliloruic instead of bromide; it is more troublesome 
to prepare anil gives n*sults about 1.2 points higher.* Either of these inctliods has 
the advantage over lllibl's — first, that the solutions keep better, remaining practically 

> Mcllhincy, J. Am. Chem. Soc., IB, 275, 18n4. 

* This is the original method. Tolman adds here 100 cc. water as in the Hiibl 
method. 

» Berichtc, 81, 752, 1808. 

* Tolman and Munson, J. Am. Chem. Soc., 25, 244, 1903. 
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unchanged for several months; secondly, that the action is about sixteen times as 
rapid, it being compK'ted in fifteen minutes; thirdly, that the solutions are chcaj>er. 

Acetic acid cannot be displaced by carl)on tetrachloride as a solvent, as the last 
traces of iodine arc difficult to remove from it. The acetic acid used should be at 
least 99.5% and show no reduction with potassium bichromate and sulphuric acid. 

2. HuhVs Method. Mampiilalion. The oil is weighed out as in 1, into 
300-cc. bottles, except that about 25% more may be used. 

The oil is now dissolved in 10 cc. of chloroform, 30 cc. of iodine and mercuric 
chloride solution added, the bottle placed in a dark closet, and allowed to stand, 
with occasional gentle shaking, for four horn's. If the solution becomes nearly 
decolorized after two hours, an additional quantity should be added. One 
hundred cc. of distilled water and 20 cc. of jK)tasKium iodide are added to the 
contents, and the excess of iodine titrated with sodium thiosulphate. If at this 
point a red precipitate (Hgla) is formed, more potassium iodide should bo added. 
As the chloroform dissolves some of the iodine, the titration can proceed until 
the chloroform layer is nearly colorless, then the starch solution is added, and 
the operation continued to tlie disai)poaranee of the blue color. 

“ Hlanks sliould bo titrated as with the foregoing j)roeess, page 5S4. 

Notks. The method was ])roposed by (^ulletct in 1857, Ttiadc us(^ of by Mills 
and Snodgrass ^ in 1SS.3, using, however, bromine and carbon bisulphide, jind dc- 
S(Til)ed in jiliuost its present form by lliibl.*'* The chief factors in its execution are 
(I) strengtli of the iodine solution; (2) tlie (juantity used; and (3) the length of its 
time of action. 

1. Thv Sfrctrffh of Iodine Solution. A<*eonling to llubPs original memoir, tlic solu- 
tions can be kept iiid(*finit(‘ly when mi\i‘d. 

Kahrit)!! stal<‘s th;it tin* solution <l(*tcriorated as much as from 17 to 23% in 
eight (lays. Hallaiityiic ^ conlirms th(‘ dc'U'rioration, but finds it inurb Ic'ss, 5 to S% 
in thirty-(‘ight days/ This wi'akening of tla* st>lution is probably due to (he hydriodic 
mad formed by (he action of (lu‘ iodine upon (he al<’(»hoI. * 

Tin* inereurie chloride* acts apparently as a earri(*r of iodiiu*, as the reaction takes 
place v«*rv slowly without it. ((hintfer.V* Waller" finds tliat th(i addition of 50 
cc. 11(3, specific gravity, 1. 19, to the iiii.xcd iodine solution pr(\serv(»s it for months. 
Of th(; other in(*tallic chlori(l(\s, gives (he highevst true iodiiu* value, AliiCb, 

AlnHr 2 and NiOb caus(* praetic*ally no addition. (Sch\vc*ifz(*r and Ijiingwitz.) ** 

2. Thv Quatdiiij of Iodine Solu/ion U.scd, Tla* itiix(*d iodine solution as made 
up should re(]uir(' about .‘>3 ce. of tlic t hi»)sulphate. Ik^Fore using, a rough titra- 
tion should i)e made, and if it Im^ inu<*h W(*ak('r tlmn tins, a proportionately laTg(*r 
amount, addtal. Tin* action of a. large* <*xeess of iodine is to iiicre*as(* tlic substitu- 
tieiri rather than addition; increase* in tenip(*raturc or in time produces the same 
elTeci.'* 

3310 excess of ieuline receuniueiided is frejin 1»'>0 tei 250%; some e>bservors recom- 
mend frenii 400 to tiOO^^fV' 

3. Length of Tunv. 3 wo henirs is suftici(*nt fe)r olive eiil, talle)w, anel lard, while 
for linseed Oil, balsams, and ivsins t we;tity-four hours should lie alleiweul.^^ 

^ J. Soc. Chc'rn. Ind., 2, 435, 1SS.3. 

2 Dingier polyt. .1., 253, 2Sl; also .1, Soc. Cluan. Ind., 3, 041, 1884. 

» J. (3ie‘iri. Inel., II, 1S3, ab.str., 1892. 

4 Il)iel., 13, 1100, abstr., 1891. 

Sen*. (;h(*in. Ind., 14, 130, 1895. 

eibid., 12, 717, abstr., 1893. 

UMnnu. Ztg., 19, 17S(>, 1831, 1895 

8 J. Soc. (3iem. Ind., 14, 1031, 1895. 

® J. So(?. (3icm. Ind., 12, 717, abstr., 1893. 

Ibid., 14, 1031, 1895. 

Iloldc', Mitt. kgl. 3''c(dm. Versuchs., 9, 81, 1891. 

** Dic^terich, J. Soc. Chem. liid., 12, 381, 1*S93. 
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Inglo ^ has shown that f lin froo acid formed during the process is due to the 
action of water upon tlie iodochlorides. Soinc! of these are reduced l)y ix)tassium 
iodide with liberation of iodine and conseciuent reduction in the iodine absorption. 
Iodine chloride is the active aKciit, and not hypoiodous acid. 

For the calculation of the; iK‘rc('ntaf?c of adulteration of one oil by another, 
Hilbl gives the following formula:* 

“Let a: = percentage of one oil and ?/ — percentage of the other oil, further, 
m “iodine value of pure oil », « of pure oil y, and I of the sample under examina- 
tion, then 

X — 

m — n 


He further states that the age of the f)il, providcnl it Ix) not rancid or thick- 
ened, is without influence on the iodine value. Hallantyne® finds that light and 
air diminish the iodine number. 

As might becxpect<‘d, the iodine value is inv<;rscly projx>rtional to the cold te.st. 

The method, ns will be seem, is a conventifmal one, and the best results will 
be obtained by using measured <|uantities of reagents and carrying through the 
process in the same manner ev'cry time.* 

The calcidation is perhaps most eiisily made as follows; Subtract the lUimLer 
of cc. of thiosul]>hatc ustxl for the titration of the oil, from that obtained by 
titrating the blank — this gives the thiosulphate eciuivalent to the iodine absorbed 
by the oil. lMullii)ly this number (of cc.) by the value of tin; thiosulphate in 
terms of io<Hne, and the result is the number of grams of iodine absorbed by the 
oil; this divided by the weight of oil used and multiplied by 100 gives the iodine 
numlwr. 

In case it Ik* desiretl to r<‘cover the iodine! u.sed, n!f(!rence may be had to an 
article by Dietcrich, abstracted in the dour. Soc. (’hem. Ind., 15, (iSO, IS9G. 

Oxidized Oils. Iodine Number of. To find the original ioiline number of a 
semi-ilrying or non-drying oil which lias been altered by atmospheric oxidation, 
add O.S to the iodine number found on the altered sample for each increase of 


0.001 in the siiecific gravity 


^taken at 


ir>.r)‘’c.y 
c./ ■ 


Bromine Number or Value. The iodine nudhod just described has, among 
others, the disadvantage that it fails to dLstinguish between addition and substi- 
t\ition; this is sonudimes of importance, and to accomplish it Mcllhinej' ® makes 
use of the bromine absorption. 

Mti'iipulntion. From 0.2 to 0.3 gram of a drying oil, 0.4 to 0..5 of a non- 
drying oil, or 1.0 to 1.2 grams of a solid fat, are accurately weighed into the 300 
cc. bot tle, as in the ioiline number (page .'kSd). 

The oil is dissolved in 10 cc. of carbon tetrachloride, and 20 cc. of bromine 
solution (Heagents) added, best from a burette. After allowing it to stand two 
minutes by the watch, 20 or 30 cc. of potassium iodide are added, in the manner 


> J. Soc. Chem. Iiid., 21, 5S7, 19(t2. 

* Dingier jwlyt. J., 253, 281, 1884. 

* J. Soc. Choin. Ind., 10, III, 1891. 

* If, for example, the water Imj adtled before, the iodide solution, the iodine number 
is ehanged by 0.3 per cent. 

® Sherman and Falk., J. Am. Chem. Soc., 27, 608, 1805. 

* J. Am. Chem. Soc., 21, 1Q84, 1899. 
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described below, the amount depending upon the excess of bromine. To pre- 
vent loss of bromine and hydrobromic acid, a short piece of thin and wide rubber 
tubing — bill tie tubing '' — is slipped over the lip of the bottle, thus forming a 
well around the stopper; some of the iodide solution is poured into this and the 
bottle cooled in cracked ice. Upon removing the stopper the solution is sucked 
into the bottle, it is shaken to insure the solution of the va|K)rs, and the remainder 
of the reagent added. The iodine liberated is titrated by sodium thiosulphate 
in the usual way. 

When this titration is finished, 5 cc. of the potassium iodatc solution are added 
and the titration repeated. The iodine liberated in this reaction is efiuivalcnt to 
the hydrobromic acid present. Blank determinations should be made with the 
reagents used, as with the iodine number. 

Notes. Oftentimes, particularly with rt^sins, emulsification of the solution takes 
place, masking the end-point. This can be prevented hy the addition of r>n or 100 
cc. of a 10% solution of salt. 

In case icc be not at hand, the vapors will probably be completely absorbed by 
passing through the iodine solution in the rubber wt'll. 

The reactions involved, in addit ion to those on jiagc .Wl are: 

Paliiiitiii 

(( H )( )h( = (( ;, 5 l I^,Br(X)( )) +3UBr. 

SIIBr+.JKI == :iKBr 

0111 + KIOj =312 f-3H20 + KI. 

This cnloiilation is similar (o that htllowcd in Mio ioiliru' niimhor (|)aKO r>.S4). 

The iMirccnfago of liruininc foiiial Jis hy<lrohromio a«’i(l is calliwl (Ims hromitut sub- 
slit iition figure, atul the lolal ix‘rc<*ritaK(* ai)sorl)('(l, less twice flui bromine snl)stitu- 
tion figure, gives f ho iiroinine a<l<lit ion figure. 

The method has the further advant.ages that it is rapi<l, the bromine, solution is 
permanent and inexiieiisivc. For data uixm various »)ils, stnj table tm page 00-1. 

Saponification Value. 'I'his i.s expressed by the number of milligrams of 
pota.ssiiim hydrate necessary to saponify one grain of fhe oil. It is called from 
the originator “ Koettstorfer ^ numlwir or value,” also “ Sa|M>nifiea1ion numlier,” 
and must not be eonfounded with “ Sa|>onification (Hiuivalcnt ” as propo.sed 
by Allen, ^ which is the number of grams of oil safionified by 50. 1 grams of 2K>ta.s.sium 
h 3 ’’dratc. 

M am'pvlalion . One to 2 grams of tliooil are woiglu'd out into a 200-cc. Erlen- 
meyor flask (as in the iodine value, q. v., i>agc 58-t) and saponifieil by 25 cc. X/2 
ah;oholic {Mitiusli accurately measured from a burette, by heating upon a water 
bath, a 1-in. funnel being inserted in the fla-sk. 

When thesaixuiification is complete, shown by the homogeneity of the solution, 
a few drops of phcnolpJithalciii are added and tlie excess rif alkali titrated with 
N/2 hydrochloric acid. Two blank dott*rininations of the strength of the 'S/I 
potassium hydrate must be made simultaneously, hy lieating 25 cc. under the same 
conditions as when mixed with the oil and for the same length of time. 

Notes. Many prefer to cork the flasks tightly and tie down the stoppers, thus 
sajionifying under prt'ssure; others make use of a return How condenser, oftentimes 
merely a long glass tulic. 

Binetham ’ adds 20 cc. of ether and finds that it aids saixinification. Ilenriques * 

> Z. anal. Chem., 18, IfM), 1879. 

^ Commercial Organic Analysis, 2, 40. 

* Analyst, 18, 193, 1893. 

* Z. angew. Chemie, 721, 1895. 
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usos 3 to 4 RHima of oil, 25 cc. of petroloum ollior, nnd 25 rr. of normal silcoholio potash, 
snpoTiifying in tho colei hy allowing io sljifni overnight; tho aelvantage consists in 
preventing tlie change in tfio solution by l>oiling. 

Mcllhincy ‘ lias applic^cl the ])rorc\sH to dark-colonui substances by making use 
of tho principle that Avlicn aininoniiiin chloriele is addfHl to a neutral soap solution, 
and the mixture elistilled, the amount of anuiionia freed is equivalent to the quantity 
of alkali combiiKHl \Nith the fatty acids. As a description of the jH'ocess is beyond 
the scope of the jm'sent volume, reference must be had to tho original arlicle. 

As ordirnirily prepan'd, tho alcoholic potash solution turns rapidly reddish- 
brown, so that it is V(Ty difficult to note tho end-jioint. This trouble can be partially 
avoided by adding a drop or two of the solution to tho dilul<‘d indicator contained 
upon a tile after the manner of the titration of iron by bichromate. As the color 
is probably due to the polynicrizatitm of tho aldehyde fc»rmed by tho oxidation of 
tho al(*ohol, it is more satisfactory to iiso for the pn'paration of tho potash solution 
an alcohol which is practically aldehyde free. This is best made, according to Dun- 
lap,'** as follows; 11 grams of silver nitrate are dissolved in 3 cc. of water, added to 
1 liter of alcohol and thoroughly shaken; 3 grems of pot issiuin hydrate are dissolved 
in 15 cc. of warm alcohol and, after cooling, added to the rdcoholie s Jver nitr.ilc and 
thoroughly shaken again, b<*st iti a fall bot t le or cylindcT. The silver oxide is allowed to 
settle, the clear liquid siphoned otT and distilled Alcoholic potash made up from this, 
using the so-called “potash by alcohol,” will give a solution which will remain water- 
white for weeks. 

The writer has found, if the stock solution be kept under an atmosphere of 
hydrogen, that the coloration by standing is aliiiost entirely prevented. 

Detection of Unsaponifiable Oils. The qualitative detection takes place by 
observing the behavior of the solution obtained by boiling the oil with alcoholic 
potash when diluted with warm water. Any unsaponifiable material will mani- 
fest itself as oily drops in the clear alcoholic solution, or as a whitish cloud on the 
addition of water. 

The quantitative determination may take place in two ways; 1. From the 
saponification number. 2. By gravimetric methods. 

1. From the Saponification Number. On pages (504 and 005 it will be 
noticed that, except for castor, rayxj, and syierm oils, the saponification number 
averages 193. If tho number found he divided by this figure, the iK‘rcentage of 
saponifiable matter will l)e obtaineil; this subtracted from 100 will give thounsa- 
poiiifiable matter. This method gives no idea of the kind of saponifiable matter. 

2. By Gravimetric Methods. The procedure is essentially that of Spitz and 
Ilonig 1 0 grams of the oil are boiled fifteen iniiml es uiuh^r a return-flow condenser 
with 60 cc. of 6% alcoliolie jxitash;* 40 cc. of water are added and the boiling 
repeated. The li(iuid is allowed to cool, washed into a separatory funnel with 50% 
alcohol and 50 ec. of 8(5® gasoline, thoroughly shaken and allowed to stand. The 
gasoline layer should separate clearly and quickly from the soap solution and 
the latter is drawn off; the gasoline is washed 2 or 3 times W'ith 50% aleohol to 
extract any soap, and these washings added to the soap solution. Tliis latter is 
extracted, until upon evaporation the gasoline leaves no stain upon paper, care 
being taken to w^ash tho gasoline extracts caeh time with 50% alcohol; three 
extractions wdth gasoline arc usually' sufficient. 

The gasoline is distilled from these extracts, the residue heated until the gas- 

' J. Am. Chem. Soc., 409, 1894. For a discussion of the theory of the process, 
see Lewkowitsch, J. Soc. Chem. Ind., 1?, 1107, 1898. 

* J. Am. (^hcm. Soc., 2S, 397, 1906. 

* Z. Jliig. ('hem., 19, 5(55, 1891. 

^ 4''hc j)otash is made by dissolving purified potash in the smallest possible quan- 
tity of water and adding absolute alcohol. 
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olinc odor disapfx'ars, and woiRlied. From llio appoaranro of the residue some 
idea of the kind of unsaponitialile matter ean Ik.* o))1ained. This in the case of 
sperm oil will be mainly solid alcohols, probably of the ethylene s<*rics. 

According to Schicht and Ilalpcirn ^ this inidhod is oim'ii to the following errors; 
incomplete saponificalion, ineoniplete extraeti«)n, solubility <»f soaps in the solv- 
ent, and the solubility of the unsaponiliable matter in t he washing solution. Their 
improved method is as follows: 5 grams of bit * with 3 of grams solid caustic pot- 
ash tlissolved in a litth' water and 25 ee. of absolute alcohol are boiled half an hour 
itvder a reflux condenser. After cooling 25 ec. of lO^’e KCl arc added and the solu- 
tion is th(!n shaken four tirni's with 2(K) cc. of jx>f roleum ether distilling under 60". 
The iK*troleum ether is evajxirated and, without washing, the residue is dissolved 
in 25 ce. absolute alcohol ami the solution made slightly alkaline with normal 
alkali; 25 cc. of 10% KCl are added and the shaking with petroleum ether repeated. 
The petroleum ether solution is shakiai with 100 cc. of 50' o alcohol and the wash 
solution with l(M)cc. fM'troleum of ether, W’hich is afterwards w.Mshed with 100 cc. 
of 50% alcohol. After combining the extracts the petroleum ether is driven off 
and the residue driial and weighed. 

Non-;. Care, should 1)C taken to use, ga.soline which leaves no resiiluc on cvaiv 
oration at 100“ C. 


Identification of the Unsaponifiable Matter. The unsaponifiablc matter is 
either liquid or solid; in case it is liiiuid, it may be (1) hydroc.arhon rriUt, either 
mineral, or formed by the distillation of wa.ste fats, as wool grease, or (2) tar 
oils, '' dead oils,” etc., obtained by the distill.ation of coal tar; or (3) rosin oils. 

If it be a question of one of the.se three, the specific gravity will usually decide 
it; that of the hydrocarbon oils is 0.S55 to 0.930, of the rosin oils 0.96 to 0.99, 
wliilc the tar oils are heavier than water. Rosin oils would be shown by the Lie- 
bermann-Storch test, page 695; a mi,\turc of mineral and tar oils would be iden- 
tified by treatment with an equal quantity of nitric acid, sp.gr. 1.45, both pre- 
viously cooled to 15° C., and noting the rise of tcm|)erature. Mineral oils give 
a very slight rise, lieing para (fins, while the tar oils lielong to the benzole series 
and are more easily nitrnled. Hyilrocarbon oils from distilled grea.se oleins can 
be identified by their refractive imlcx and rotatory power.* 

Solid unsaponifiable matters may be; 

(4) Paraffin. 

(5) Ceresefie — ^refined ozokerite. 

(6) Higher alcohoh of the paraffin scries, as cet 3 d, IbaOlI, coming from the 
saixmifieation of sixjrrn oil and of her waxes. 

(7) Cholesterol, C-i«Hw01I, and its isomers, phytosterol, sitosterol, isocho- 
lesterol, etc. 

(8) Lactones, internal anhj'drides of oxy acids as slearlactone. 


Ci4lI.«CHOIIC 1 bCHaCOOI I = C„TT*„( d 1C IhC U,CO ( ) -b H.O. 


These may bo se|)aratcd by boiling for two hours with an equal quantity of acetic 
> Chem. Ztg., 31, 279, 1907. 

* For linsccfl and other oils, ten or twenty times this weight should be used, the 
alkali being correspondingly' increasisl. 

®f«ill and Forrest, J. Am. Chem. 8oc, 32, 1071; dill and Mason, J. Am. Chem. Soc., 
20, 665. 
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aTihydriclo; if tlio su])stancc dissolves and diK*s not procipitatc on coolirifj, higher 
alcohols are indicated; if a mass of crystals separates out «)n cooling, cliolesterol 
and its isomers, <jr a mixture of these with the higher al<‘o!iols is indicated; if an 
oily laj’er remains on top, it is an indication of the presence of paraffin or cere- 
s<*ne. For the eomj)Iete se|)jiration and identification of tliese niference must he 
had to Ijcwkowitsch, “ Analysis of Fats, Oils, and Waxes,” as it is beyond the limits 
of this chapter. 

Test for Animal or Vegetable Oils. Animal oils contain cholesterol, (" 2 Blf 4 .iOII, 
while vegetabl(‘ oils contain the isomeric body j)hylosterol; hence the isolati«flri 
and identification of these compounds enables one to say with certainty as to the 
presence of one class of oil or the other— for example as to the i)resence of fish oil 
in lin.seed. The quantity of these bodies varies b’om 0.2 to V'i,. The method 
is essentially that of Ihina*!'.* Fifty grams of the oil arc boiled in a flask with 
a return cooh'r with 75 cc. of 05% alcohol for five minut(!S and the alcoholic solu- 
tion separatecl; this is n*peate<l with another portion of alcohol. The alcoholic, 
.solutions aixi mixed with 15 cc. of 80% sodium hyilroxi<le and evaporated on a 
water bath nearly to dryiu'ss in a porc(?laifi dish an<l the resulue shaken out with 
ether. 'Fhe ether is evaporated, the residue taken up with a little ether, filtered, 
again evaiM)rate<l, <li.s.solved in 05% alcohol (by volume)* i‘**d allowed to crys- 
tallize slowly. Jiomer states that the form of the crystals is more to be ndied 
U|M)n than a determination of their nu'lting-point. Chole.sterol crystallizes from 
alcohol or ether in leaflets or rhomboid tables containing one molecule of water 
of crystallization. ]’hytost(>rol eryst.alliz<*s also from alcohol with one inoleoulo 
of water in needles forming stars or bundles. As a further mc'ans of identification, 
some of the esters should bo made ami their melting-points tletermined. 

'I'o this end the crystals above obtained ate heated over a low flame in a small 
IMircelain <lish covered with a wjitch-ghi.ss, with 2 or 3 cc. of acetic or other acid 
anhy<lrid(^ until it boils; the wivtch-ghussi is removed ami the excess of anhydride 
evaporated on the water bath. The contents of the tlish are treatctl with a small 
(luantity of absolute alcohol to prevent crystallization, more alcohol added and 
the solution allowed to crystallize. The crystals are filtered off through a 
very small filter, washed with a small quantity of 95% alcohol, dissolved in abso- 
lute alcohol, and recrystallized until a constant melting-]x>int is obtained. 

The following table shows the corrected melting-points of these alcohols and 
their esters: 


ChoIf*Mtf»rnI . Phy tostcrol. 

Alcohol 148-150.8** i:i(V-143.8** 

AcGtiiti- 113-114** 120-137** 

Benzoate 135-151 * 142-148** 

rropioriate 97-98** 104-105** 


^ Notes. Romo directions state, in isolating tho cholesterol or jibytosterol, to 
boil with the 30% sodium hydroxide until one-fourtli of the alcohol is evaporated. 
As a nssult of repeated experiments this- has been found to cut down the yield so 
much that on a large scale practically none of th(.‘se bodies, particularly phy’tosterol, 
was obtainecl. Tliis agrees with the observation of LenykowitseJi that by heating 
cholesterol with normal alcoholic potash, eholesterin hydrate is obtained. 

The following test 'will serve te> differentiate be*tweM'n e^holesterol ami phytosterol.* 
A very small <iuantity of cholesterol is wariiie^d with 1,5 ec. absolute alcohol and a 

^ J. Hoc. (^hem. Ind., 17,954, ISOS; Tolinan, J. Am. Chem. Hoc., 27, 590, 1905: 
Tolrnaii, Bull. 107, U. S. IVpt. Agricailture*, HK)7. 

Neuberg and llauchwerger, abstr. J, Roc. Chem. Ind., 23, 1163, 1904. 
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trace ef isodiilcit or rh.-iittnoso (5-cliinothylfurfural) addcMl. After cooling, nn equal 
yolutne of concout.rat«xi sulpliuric ucid is udtle<], so jia to form a layer below the solu- 
tion, whereui>on a rnsplKTry-colored ring is i)roduccd at the zone «jf contact, of the 
two licjjuids. On mixing the layers while the lube is cooled in a current of cold water 
the mixlTirc becomes intensely c<»lon‘d. With phyfosterol the reaction fails or at 
most A j)ink color. Similar reactions are given by ai)i(‘tic acid. 

As little as 1% of cotton-seed has Imhju found in lard, and 4% in any oil have lieen 
detected by this test. 

For t he nieaPS of dist ingui.shing betwe<>n drying and marine animal oils, .see Halphen, 
J. Pharm. Cliim., N, .”{>1 (1901), abstracted J. Soc. Chem. Ind., 21, 74, or (’hem. 
O^itraJb., 72, ii, 1097 and 1323. 

Tests for Antilluorescents.^ It is often desiri'd to remove the fluorescence 
or “ bloom ” from petroleum oils. This may be elTected by refilling with chromic 
acid, or more easily liy the addition of a small quantity of nitru-nuphthalene 
or nitro-bmizmie. The latter may often be detected by the oilor. 

The test is made by iKiiling alxiut 1 ce. of the oil with 3 cc. of 10% alcoholic 
potash for one to two minutes. If either of the nitro compounds be pre.sent, 
a blood- or violet-red i-oloration is produced; a pure mineral oil is (dianged only 
to yellow or brownish-yellow l)y this treatment. In e,ase the characteristic color 
doe.s not ujijH'ar the following te.st may lie applied.'^ It de|K.'nds upon the reduc- 
tion of the nitro bodies to their amines. 

A few cc. of the oil are heated with feathered tin and hydrochloric acid 
in an Erlenmeyer flask for ten minutes; this ran be aided by (ho introduction of 
a piece of ]>lafimim wire. The oil is separated hy a separatory funnel and filtra- 
tion through a wet filter, the filtrate treated in another separatory with sodium 
hydrate until the tin hydrate retlissolves and shaken out with 10-20 ee. of ether. 
The amines go into solution in the ether, giving to it a violet color and fluores- 
cence in the case of a-naphthylamine. These can be recognized by their odor, 
that of naphthylaminc being very characteristic. The latter may be recog- 
nized by dissolving in hydrochloric acid, evaporating the latter, and upon, treat- 
ment with ferric chloride obtaining an azure-blue precipitate. This changes when 
filtered off to purple-red and the filtrate to violet. 

Aniline can 1^ recognized by solution in concentrated sulphuric acid and 
the red and then blue color which appears on the addition of a small crystal of 
potassium bichromate. Free aniline is also temporarily colored violet by a solu- 
tion of bleaching powder. 

Acetyl Value. The estimation of the acetyl value is seldom required in oil 
analysis, it being characteristic only when triglycerides are present. For a 
description of the method and its applications, reference must be had to the 
larger works, as Lewkowitsch or Allen. 

Special Tests for Certain Oils 

Lewkowitsch sa 3 r 8 * “ It should be distinctly understood that color reactions 
taken by themselves should not be relied upon as giving a decisive answer. At 
best they can only be u.sed as a preliminary test, or as a confirmatory test. The 
ease with which this tost can be carried out, and its apparent reliability, have 
led to an over-estimation of this very useful and important reaction; st) much 

* Holdc, J. Soc. Chem. Ind., 13, 906, 1893. 

* Holdc, “ Examination of Hydrocarljon Oils,” p. 168. 

* Chemical Technology and Analysis of Fate, Oils and Waxes,” 2, 203. 
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so, tliat grave (arors may l)e rominittod by tliese who assign to tins test an oxelu- 
siv<^ or ev<'n a ])araniount iinf)ortan(*(‘. It is altogether unjustifiable to look upon 
this test, as has Ixmmi doiu', as jx'rinitiing of <iuanti‘ative int(*rpref ation. ' 

Bechi’s Test for Cotton-seed Oil. This depends upon the sui)posilion that 
a sul)stance of an aldehydie nalun' whieli redue(»s silver nitrate is contained 
in the oil. Tlie method is esscailially that of Milliaii.' 

Fifteen grams of oil are weigheti into a Xo. 0 porcelain dish, using lh(i coarse 
scales, and lieabxl for about ten minu((‘s upon the* waba* bath; a mixtun^ of JO ce. 
of fiO% caustic soda and 10 c(*. of the alcohol is slowly pounxl upon the 
The wlH)le is occasionally slim'd until I la* mass Ih'Coiik'S clear and honu)- 
geneous, and lot) cc. of hot distilhxl wafea* slowly added so as not to d(‘composo 
the soap, aiul tin* boiling continu(‘d until the alcohol is exp('lled. Dilute sul- 
])huric acid (1 :10) is a<l<led to acid r('action, and the s(‘parat(‘d fatty acids washc'd 
three times by d(‘cantation with cold water. A portion of these is brought into 
a large test-tulx', to cc. of alcohol and 2 cc. of iV'o silvc'r fiitratc' solution are 
added, the tube is wrap])ed with brown paper, la'ld in ])lace by an elastic band, 
and heated, with constant stirring, in the watca* bath until on(‘-third of the 
alcohol is e\p(*lled, which is r(»plac(*d by 10 cc. (»f water. This heating is con- 
tinued for a few minutf^s long(‘r and th<‘ coloration of lh(» insolubh^ fatty acids 
obs(»rv(Ml. Tho pr(\s(»nce of (‘otton-scxMl oil in any appreciable proportion (*aus('s 
a mirrorlik(» ])recij)itat(» of nu'tallic silv(‘r, which black(ais th(‘ fatty a(*ids of th(‘ 
mixture. 

Notks. The alcohol should b<' proved free from aldehyde by a blank test. Un- 
less the mixture in (he (esi-lube lje tlioroughly slirrc'd while ht'aling, it will “bump” 
and <‘je<*t (he <*ontefits. Otlaa* methods of proctMlun* (‘oinist in applying the test to 
the oil itself, often after tn^atment with diluft* caustic soda and nitric atatl. (Wt'sson.-') 
'riie writ(»r had a cas<' in which the oti gav(' the test wlule the /u//// are/.s* gave no 
bl.‘ick(*ning, showing then* was sona'thing in the oil itsi'lf oth*T than cotton-seed oil 
which reducetl (he silver nitrate. Students have no difficulty in detecting a 5*/o 
adulteration with co((on-.s(*(*d oil. 

Dupont '* thinks (hat the n'duction of silver nitrate is dia‘ rather to sulphur com- 
pounds contained in the oil; by ])assing stc'am over tlie oil he obtained a product 
containing sulphur and tla' oil still gave the Ih'chi test. 'Hiis work has been repeated 
and conlirmed by the author.* It is to he noted that while the fatty acids blacken 
silver nitrate they do not color cadmium, h*ad, or coppc’r salts, but r(Hliicc mercury 
compounds. No indication of an ahlehyile was noteil by the fuchsine or ammonia 
tests. Ha? supposition that the reducing substance is aldehydie in its nature finds 
support in the fact that if the oil be h<‘ated to 210'^ •* or l>e kept for some time'* it 
loses tliis pc'culiar pro|)erty. 

By ])urifving the acids by tlu'. l(*ad salts Tortelli and Ruggeri ^ are able to detect 
as little as 10*/^ of iieated cotton-seed oil. 

It is to be nott'd (hat jnire lard, t»mg and olive «)il are not infreciuently met 
with which give the test, conse(|uently its indications cannot be considered as 
conclusive. 

Halphen’s Test for Cotton-seed Oil/ This depends upon tho observation 

' J. Am. diem. Soc., 15, Ibl, ISU.'). 

2 J. Am. (’ht'iii. Soc., 17, 72:^ ISOo. 

® Hull. Soc. di('m. (d), 13, ()1)(); J. Soc. diem. Ind., 11, 811, 1895: also Charabot 
and March, Hull. Soc. Cliim., 21, 252, ISPy. 

^Gill and Dennison, J. Am. ('hem, Soc., 21, 397, 1902. 

®Holde, J. Soc. ('hem. Ind,, II, 037, 1892. 

* Wilson, Cluan. News, 59, 99, 1SS9. 

M. Soc. Chem. Ind., 29, 753, 1901. 

«Hali)hcn, J. Pharm. Chim., 390, 1897. 
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that this oil contains an xinsaturatcd fatty acid which combines with sulphur, 
giving a colored com{X)und.' 

Procedure. Ten cc, of the oil or melted fat arc heated, in a large test-tube 
with a long glass condenser tube attached, with an equal volume of amyl alco- 
hol and of carbon bisulphide solution of sulphur (lieagents), at first with frequent 
agitation, in a steam bath, and then, after the violent lx>iling has cease«l, in a 
brine bath (105-110°) for forty-five minutes to three hours, according to the Cjuan- 
tity of adulterant ])resent, the tube Ixnng occasionally removed and shaken. 

little as 1% will f^ivc a crimson wine coloration in twenty minutes.* 

Notes. If the mixfiin*, ho heated for loo lon^? a time a niisloadiiiK lirownish- 
rej| color due to hurnin^ is f)rodu(rd. The reaction seems to he peculiar to this oil; 
it IS more sensitive with fresli than old fats, and while, hy comparison with a blank, 
1^6 of IVn is noticeahh', \ of 1^’Ji is easily detected. (\>< ton-sc‘(»d oil which has heen 
heated to ‘ioO® does not ^ive the lest; the oil is then not availal>le as food. Heating 
to 2()()‘' dof's not interfere with the test.* 

The lest is not ^civen hy an oil which lias heen oxidized with sulphuric acid and 
potassium permanj^anate, although such an oil pves the Bechi tesi.^ This shows 
that the tw'o tests an' not producetl l)y the same* siihstance. Nor is tliis test or that 
of Ik'chi jj:iv(*n hy an oil which Inis heen treated witli chlorine or sulphurous acid.-* 
If treated with the f«)rmer it is no lonper edihle; an oil treat(*d with sulphurous acid 
and W'ashed witli alcohol cannot he distinguished from ordinary cotton-seed oil and 
does not, as already stated, ri'spond to either the llalphen or lk*chi test. In this 
case the ti*st for phytosterol is the only means of determining if it has heen aclded 
to an animal oil. Tlie test is also Kiven hy kajiok oil, which is used as an edihle oil in 
China, the Kast and West Indies, and in Africa; haohah oil also Kivi‘s it. 

liard from ho^s fed on <*otton-seed iru'al shows this rea(*tion strongly, as if it were 
25% oil.^*’ The hutter from cows similarly fed also yields the reaction.' 

Tho test may he applied to the soaps or fatty acids, provided they are not loo 
deeply colored. 

The amyl al(*ohol cannot he omitted nor suhstituted hy ethyl alcohol without 
impairing the delicacy of the test.* The compound in the oil cannot he removed 
by treatini;? with animal (jharcoal.® 

Hexabromide Test for Linseed Oil. The object of the test is to determine the 
amount of insoluble bromides of the fatty acids contained in the oil. 

Fifteen grams of tlie oil are saiMinified by boiling with 15 ce.of potassium hydrox- 
ide solution, sp.gr., 1.35, and 15 ee. of alcohol in a flask under a reflux eomlcnscr; 
300 ee, of warm water are added and the solution distilled with steam until the 
alcohol is removed. Dilute sulphuric acid is added to excess, the solution heated 
until the fatty acids are obtained as a clear oily up|)er layer; this is washed several 
times with hot distilled w^ater until free from sulphuric acid, using methyl orange 
as an indicator. This does not react with fatty acids of low molecular weight 
which being solulde in water may rechlcn litmus. This washing is effected in an 
atmosphere of inert gas, carbonic acid or hydrogen by stopping the flask with a 
thrcc-holed stopper, carrying a siphon, an entrance and an exit tube for the gas. 

^ Raikow, Chem. Ztg., 24, 562, 583, 1900. 

*()ilar. Am. (Jhcin. J., 24, 355; abstr Anal., 2I>, 22, 1901. 

* Fi.scher and Peyan, Analyst, 30, 131, 1905; Boltsicn, Z. offentl. Chem., 6, 135. 
1899; J. Hoc. ('hem. Ind., 18, 865. 

* Raikow, loc. cit. 

* Petkow, Analyst, 32, 123, 1907. 

* Soltsien, Z. ofTentl. Chem., 7, 140, 1901. 

^ Wauters, J. Soc. Chem. Ind., 19, 172, 1900. 

* Soltsien, loc. cit., 2S, Oilar, loc. cit. 

^ Utz, Rev. Fett u. Harz. Ind., 9, 125, 1902. 
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The acids arc siphoned into a small Krlcnincycr tlask and in case a few drops of 
water come over —an etpial (luantity of alcohol added and dried ii]H)n the water 
batlj in a stream of dry inert gas. 

In order to test for the presence of unsaponified fat, 3 co. are dissolvcsl in 
15 ec. of 95% (by volume) alcohol, and 15 cc. of acjueous ammonia arc added. If 
an appreciable amount of fat has escaiM^d saiKtnification, the mixture will become 
turbid (Cieitcl). 

Two grams of mixed fatty acids ^ arc dissolved in a flask in 27 C('. of dry ether, 
cooled <lown to 10° (^, and 0.25 cc. of bromine allowed to run into the solution/ 
from a very finely-drawn-ou(. pipetl(*, tlie time allowc'd for this being about twetity 
minutes. The remaining 0.25 ec. of bromine is added somewhat more rapi<lly, 
within about ten minutes, the bromination thus occui)ying about thirty minute^.. 
The authors atta(;h great value to the exact obs('rvance of the time. 'I'lni temjx'ra- 
turc sliould nev(*r la* allowed to rise during bromination above 5°. The flask is 
corked and allowed to stand for two hours at 0°. The ethcn'al solution is nc'xt 
decanb'd through a weighed asb(*stos or ])a|H'r filter (L'wkowitsch) and tin* 
precipitate is waslaal with five lots of 5 cc. each of dri(‘d and cooh'd etlu'r. .After 
complete draining, the preeijntate is dried for two hours at SO" to 85°, and alhiwed 
to cool in a desiccator. The teni])erature is designi'diy k('pt below 1(K)", .as the 
autliors found that the color of the lie\abronud(! Ix'comes somewhat gr:iy if the 
drying takes place at 100°. The melting-point of the lawabromides was 177°, 
whereas the melting-point of jaire hexabromide has becai found to be higher. 
No doubt the low melting-{j<iint is due to the drying having been carried out below 
100 °. 

Nevertheless small traces of retaiiual moistiini c.annot account for the much 
Larger yield of lie.xabromide which the authors obtaiiaal. 

The yields of hexabromide obtained by these authors are as follows: 


Filify Ai’itlH 

I*(*r 

Fully A rids 

Pf!r rent. 

Perillfi oil 

04.12 

Tung oil 

nil 

up to 7,78 
nil 

0.34 

Linsoed oil, Baltic 

57.90 

Soya bean oil 

liinsocd oil, J)utc}i 

5l,7:i 

Poppy se(*d oil 

Iiinsc*ed oil, l^a Plata 

Linseed oil. Indian 

51 .00 
50,50 

Bapn oil 


Renard’s Test for Peanut Oil.^ Tolm.an ’ h.as modified this as follows: 

Weigh 20 grants of oil into an Krienmeyer flask, fciaixmify with alcoholic 
potash, neutralize exactly with tUlute acetic acid, using phenolphthalein as indica- 
tor, and wash into a 50()-cc. flask containing a boiling mixture of 100 cc. of water 
and 120 cc. of a 20% lead acetate solution, Hoil for a minute and then cool the 
precipitated soap by immersing the flask in water, occasionally giving it a whirling 
motion to cause the soap to stick to the sides of the flask. After the flask has 
cooled, the water and excess of lead can be poured off and the soap washed with 
cold water and with 99% (by volume) alcohol. Add 200 cc. of ether, cork, and 
allow to stand for some time until the soap is disintegrated, heat on the water 

‘ Eibner and Muggen thaler, Farlxai Zfg., 1912. 

* llenard, Compt. rend., 73, 13.30, 1S71 ; also Archbutt, J. Soc. Chcra. Ind., 17, 1124. 

• Bull. 107, U. S. I)<*pt. Agriculture, 1907, p. 145. 
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bath, using a reflux condenser, and boil for about five minutes. In the oilf most 
of the soap will be di.ssolved, while in lards, which contiiin much stearin, part 
will be left undissolved. Cool the ether solution of soap to lii" or 17® C. and 
let it stand until all the insoluble soaps have crystallized r)Ut (about twelve 
hours). 

Filter and thoroughly wash the precipitate with ether. Wash the .soaps on 
the filter back into the flji.sk by mejins of a stream of hot wjiler a«‘idified with 
hydrochloric acid. Add an excess of dilute hydrochloric jicid, pjirfijilly fill the 
Sfliisk with hot wjiter, and heat until the fatty acids form a clejir «)ily Layer. Fill the 
fi.\sk with hot wjitc'i", jillow the fjitty acids to harden and .separjite from the pre- 
cipitated lejid chloridi!, wash, <lrain, repcjit wa.shing with hot wjiter, an<l dis.solve 
Cue fatty .acids in 100 cc. of boiling 90 ]K‘r cent (by volume) alcohol. Cool to 
15° shaking thoroughly to aid crystjillization. 

hVoni ft to 10 iK'r cent of |H‘anut oil cjin be detected by this method, as it 
elTects a coinpletj! .sepandion of the .soluble acids from the in.soluble, which iiiter- 
feia* with the (aystalliziition <if the jinichidic acid. Filter, Wiish th(‘ pnaapiljite 
twice with 10 cc. of (by voliinaO idcohol, .and tluai with jilcohol 70V(> (by v<»l- 
ume). Dissolve olT the tilter with Iwaling jib.solute alcohol, evjiporate to jlryness 
in Ji weighed dish, «lry jind weigh. Ad<l to this weight 0.0025 gnun for ejicli It) cc. 
of 90% Jilcohol used in the crystjillizjition and washing if done Jit 15° C.; if done 
jit 20° jidd 0.0045 gram for each 10 cc. The melting-|>oint of arachidic acid thus 
obtained is between 71° and 72° C. Twenty times the weight of jirachidic acid 
will give the approximate amount of {K>:inut oil prcNsent. No e.xaminjition for 
adulterants in olive oil is complete without making the lest for peanut oil. Ara- 
chidic acid hjis a chiiracteristic structure and can be detected by the microscope. 

Bach’s Test for Rapeseed Oil. According to O. Jijich,‘ the jicids obtjiined from 
ra{)e-.s<‘ed oil arc completely insoluble in Djivid’s ah'oholic acetic jicid, in the 
propjirtion of 1 to 1.5, by volume; tlwise from cotton.seed, |Mvinut, .se.sjime, and 
sunflower oil di.ssolvc on heating. Those from the last oil sepjirate Jis ji granular 
precipitate Jit 15°, while from the other thrwi they gelatinize. The jicids from 
olive oil are completely soluble at the ordinary temtH'rature. Djivid’s acid is 
nijide by mixing 22 cc. of 50% jicetic. jicid (by volume) with .‘10 cc. of jilcohol, sp.gr. 
0.817, 92.07% (by weight.) 

Notk. The author hji.s found that Bach’s observ.ation cannot bo implicitly 
relied upon, as some rape-set'd oils yield acids which are soluble in David’s mixt ure. 

Liebermann-Storch Test for Rosin Oil. One or 2 cc. of the oil are shaken 
with an e<iujil quantity of acetic anhydride and gently wanned. When cool 
the acetic anhydride is pijietted off and tested by the addition of 1 drop of con- 
centrated sulphuric acid. A fine violet color is produced in the presence of rosin 
oil. Tung oil and also cholesterol, which is contained in the animal fats, produce 
a similar coloration; the latter can be removed by saponifying the oil as completely 
as po.ssible and sliaking out the somewhat dilute soap solution with ether or 
petroleum ether. The soap solution is then acidified, setting free the fatty 
acids, and these trcate<l with acetic anhydride as if they were the oil. 

Baudouin’s, or Camoin’s test for SesamS OiL Villavecchia and Fabris* 
apply the test as follows: 0.1 gram sugar is dissolved in 10 cc. of hydrochloric acid 

* Allen, " Commercial Organic Analysis,” 2, pt. 1, 128, 1899. 

^ Z. angew. Chem., 509, 1892; abstr. J. soc. Ohem. Ind., 12, 67 ; also Kerp, Analyst, 
24, 246, 1899. 



696 FIXED OILS, FATS AXD WAXES 

of specific gnavity 1.18 in a test-tube, nnrl 20 grams of the oil to be tested added, 
the whole thoroughly shaken and allt)wed to staml. In the presence of 1% of 
sesam6 oil the atiueous licpiid will bo etdorerl red,* duo to the action of the fur- 
furol formed upon the oil. They state that as olive oils of undoubted purity have 
shown the reaction in the aqueous layer and not in the oily stratum, the color should 
be looked for in the latter. 

The sugar maj' be replaced by 0.1 cc. of a 2% solution of furfurol and half the 
quantity of oil u.sed 

Milliau ^ saponifies as in the lleehi test and dries the acids at lOo®. Lew-jf 
kowitsch ® states that this is a needlc.s.s complication. Da Silva * slafcM that tl#'^ 
test has given colors with certain Portugue.s(j filive oils; also tho.st* of liari llrind^^* 
an«l L'cee. Kreis® states that the active or color-giving eoiistituerit is i)robab1^. 
phenolic in its nature. The reaction is given by other substanci's,® as vanillin, oil 
of cloves, and cinnamon; this should be borne in mind in testing oils which have 
been extracted from confectionery. Hancid fats i)revent the colf)ratiou; it can, 
however, bo brought about even in rancid fats by the .addition 
of an equal (|uantityof cotton-.seed oil. ^ 

Free Acid Test. About 10 grams of oil are weighed (to 
centigrams) into a 250-cc. Erlenm«\v'er fla.sk, 00 cc. of neiitral 
alcohol (Reagents) added, the mixture warmed to about 00° 
C., and titrated with N 0 pota.ssium hydrate, using phenol- 
phthalein, the flask being frequently and thoroughly shaken. 
The re.sult is conventionally reported in per cent of oleic acid; 
1.0 cc. N/6 KOH is equivalent to 0.047 gram oleic acid. Or 
it can be reported like the .saponification number, in milli- 
grams of KOII per gram of oil. 

Spontaneous Combustion Test. Mackey’s Apparatus. 
The apparatus," Fig. 92a, consists of a cylindrical copper water 
bath 7 in. high and 4 in. in diameter (inside measurements), 
surrounded with a |-in. water-jacket. The cover is packed 
with asbestos and carries the draft tubes A and B, i in. in 
diameter and 6 in. long, which cause a current of air to bo 
sucked down B and up A , thus ensuring a circulation of air 
in the apparatus: V. is a cylinder made of 24-mcsh wire gauze 
6 in. high and in. in diameter and supported iqxm a pro- 
jection from the bottom of the bath. A thermometer projects 
down into the center of the cylinder; if a metal condenser 
be connected to the water bath it can be used indefinitely without refilling 
and without danger of burning out. 

Seven grams of ordinary Ifleachcd cotton wadding or “ absorfjcnt cotton ” 
are weighed out in a porcelain dish or on a watch-gla.ss, and 14 grams of the oil 
to be tested poured upon the cotton and thoroughly worked into it, care being 

‘ Ibid., 1893, 505; alwtr. Analy.st, 19, 47. 

* J. Am. (3)cm. 8oc., 15, 162, 1893. 

* ** Oils, Fats and Waxes.” 

« J. Hoc. Chem. Ind., 17, 275, 1898. 

»Chcm. Ztg., 97,316, 1903. 

* GerlKjr, Analyst, 39, 90, 1907. 

’ Lauff and Hinsmann, Chem. Ztg., 31, 1023, 1908. 

* Mackey, J. Soc. Chem. Ind., 16, 90, 1896; Gill, ibid., 26, 185, 1907. 
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taken to replace anj' oil that is lost. The cotton is then placed in the cylinder, 
packed alumt the therinonicder so that it occupies the ujuxt in. of the cylinder, 
and put into the boiling water bath. After the expiration of an hour, the bath 
having be(‘n kept in active ebullition, the teni})erature is read. Any oil which 
shows a temperature exc(*<*ding 100° ( '. in one hour, or 200° (\ in two hours, should 
be regarded as a djingerous oil, or liable to produce spontaiu'ous conibustion. Tin; 
following tables show the results obtiiined in using this apparatus. 


Trriiiirratiin* iti 



1 hr. 

1 i hrs. 

1 11 hrs. 

iffivt; (noiitral) 

97-9S j 

1 1 2 _ 1 •>« 
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1 101 


Kliiino 

98-103 

iff Md TA 

101 115 
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i 


Otlirr valiios obtainc^d W(‘ro: 


Oil. 

Triiip. 

°c. 

'rimo 

\o. 

1 Fn**' Arid, 

1 prr c'fMit. 

Olivo 

231 
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Lard 
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bW 
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1 
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1 Noiitrul 

Linsoed 

231 

05 ' 

lOS.l 

Neutral 

2.'i° Piiraflin 

97 

1.35 ! 

10.2 

1 

1 
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Besides being used for testing oils it can be applied to testing other materials, 
oily WJiste, saw<lust, or any mixtures sus|K!eted of causing s^xnitaiuH^us combustion. 

The results ^ of the great,est practical value obtained in the use of this appa- 
ratus have been, first, determining the cau.se of fires; and, second, determining the 
degree of safety of the various oils used in manufacturing. Mineral oil, us is 
well known, is not liable to 8[xmtaneuus combustion; and a certain {Xircentage of 
animal or vegetable oil may be added to mineral oil without materially increasing 
the danger under ortlinary circumstances. This percentage varies according to 
the oil; with neat’s-foot and first tiuality lard oil some fiO to 60% may be used, with 
cotton-seed not over 25% is allowable. The claim so often made for so-called 
‘ safe ’ oils, said to have been changed by special and secret processes of refining 
so as to be no longer dangerous, is easily expo.scd by this test.” 

Drying Test Upon Glass.* A few drops of oil are brought upon a glass plate 
inclined at about 30° from the horizonbd. A te.st of the oil is made from time 
to time by touching it with the fingers, the time at which it does not soil them 
being noted as the point when it is dry. Good f)il should dry in three days. 

Archbutt * makes this te.st as follows: A ijiecc of ixilishcd plate-glass 7 cm. 
square by 4 mm. thi<!k is cleaned and counterp<jised on the balance; it is then 
heated for an hour at 200° C. in an air bath to thoroughly dry it. It is taken out, 

* llichards, Tech. Quarterly, 4, 346, 1891. 

* Amsel, J. Soc. Chem. Inu., 15, 222, 1896. 

* J. iSoc. Chem. Ind., 18, 347, 1899. 
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laid on a non-pomluotor, a1Iow<‘<l to cool for thrw or four niinutps, and tho hot glass 
thinly painted with the oil to ho tested by means of a camel ’s-hair brush. When 
the glass is cold it is weighed aiul sufficient oil nrlded to make it U{) to 0.1 gram. 
I'wo glasses are coat<*d with the samide and two with a standard oil, all placed on 
a level surface in a large air bath at 50° C. and heated for nine hours; one set of 
ji'ates is w'it.h<lrawn, cooled, and testerl by the finger, (lood raw linseed is tacky, 
when tested by the finger when cold, in nine hours and dry in twelve; corn oil is 
pra<'tically dry in fift(*cn hours, though slightly tacky; cotton.seed, partially dry 
in eighteen hf)urs and fully dry in twenty-one. Relined rape oil dried in forty- 
eight hours, and olive oil was sticky after thirteen days. 

Titer Test. Under this rather mi.sleading title is e.xprcssed the solidificat^,in 
point of the fatty acids derived from a fat f)r r)il; it has nothing at all to do wiV' 
titration, ns might be expected. ^Fhe test is extensively u.sed for the evaluation 
of fats, and acetmling to the method jm)visii>nally ad*)pte<l by the Association f)f 
Official Agricadtural Cheunists is carried out as follows:^ 

(n) ytavdard Thermometer. The therjnomet(‘r must be graduated in tenth 
degrees from 10° to 60°, w'ith a zero mark, and have an auxiliary reservoir at 
the tipper en<l, also one betweiai the zero mark and the 10° mark. The cavity 
in the capillary tube ludween the zero mark and the 10° mark must be at least 
1 cm. bel(»w the 10° mark, the 10° mark to be about 3 or 4 cm. above the bulb, 
the h'ligth of the th(*rmometer being about 15 in. over all. The thermometer is 
annealed for 75 hours at 450° (’., and the bulb is of .lena normal 16'" glass, 
moderately thin, s«» that the thermometer will be quick acting. The bulb is aliout 
3 cm. long ami 6 mm. in diameter. The stem of the thermometer is 6 mm. in 
<liamet<*r and mad<> of the best thermometer tubing, with scale etched on the stem, 
the grailuation to be clear-cut and distinct, but quite fine. 

(l>) Dctermihalioii. SajMuiify 75 grams <»f fat in a metal dish with 60 cc. of 30^!, 
stslium hyilroxhlo (26° IhiumC') and 75 cc. of (by volume) alcohol {»r 120 cc. 
<if water. Roil t«) drynt'ss, with constant stirring to jm'vi’iit scorching, over a very 
low flam<* or over an inm <»r asbestos plate. Dissolve the dry soap in a lit(‘r of boiling 
water, and if alcohol has been u.sed, boil for forty minutes in order to remove it, add- 
ing sufficient water to replace that lost in boiling. Add 100 cc. of 30% sulphuric 
a<’iil (25° RaumfO to free the fatty ai’itls, and boil until they form a clear, trans- 
par<>nt layer. Wash with boiling watt'r until free fr<»rn suljihuric acid, c<illect in 
a small beaker, and place on the steam bath until the water has settled ami the 
fatty acids arc clear; then decant them into a dry beaker, filter, using the hot- 
water funnel, ami dry twenty minutes at I(M)° (1. When dried, cool the fatty acids 
to 15 or 20° (). above the expecteil titer and transf<*r to the tiliT tube, which is 
25 nun. in diameter and 1(X) mm. in length (1 by 4 in.) and made of glass about 1 
mm. in thickne.ss. Place in a 16-oz. salt-mouth bottle of clear glass, about 70 
mm. in diameter ami 150 mm. high (2.8 by 6 in.), fitted w'ith a cork, which is jicr- 
forated so as to hohl the tulic rigidly when in position. Sus{X!nd the thermometer, 
graduatt'd to 0.1° (^, so that it can be usimI as a stirrer, and stir the mass slowly 
until the mercury remains stationary for thirty seconds. Then allow the ther- 
mometer to hang quietlj', with the bulb in the center of the mass, and observe 
the rise of the menairy. The highest point to which it ristjs is recorded as the 
titer of the fatty acids. 

Test the fatty acids for complete saiKinifie^ition as follows; 


* U. S. Dept of Agriculture, Bureau of CJhemistry Bulletin No. 107, p. 135, 1907. 
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Place 3 cc. in u tcst-luhe and ud<l 15 cc. of alcohol (95^,’^ by voluine). Bring 
the mixture to a boil and add an equal voluine of aininoniuiu hydroxide (0.96 sp.gr.). 
A clear solution should re.sult, turbidity indicating un.sa|K>ni(ied fat. The titer 
must l>e inaile at about 20° C’. for all fats having a titer above 30° C. and at 10° C. 
below the titer for all other fats. 

References 

IIofTter, (i. Technologic der Petti*, Oele, iind IV.-ich.sarten dcs Pfl.-inzen and I'ier- 
^eichs. 4 voliiiiic.s, 1900+ 

. Ubbclolale, L. (’hciuin, Analvsc iiml (icwiniiiing der Oele, Petto und Wachso. 4 
vAiitios, 190S b 

EDIBLE FATS 

These include butter, lard and hardetu'd oils. 

Butter is e.xaniined for water, fat, ash, curd, anil salt; these are usually present 
in the following jiroportioiis: 

l*iT iM-iil. I A\f*ra»^t‘ iMT ri'iit 


Pat I 7S. -90 S2 

Water ' 5. 20 12 

Salt 0.1 -IT) .<) 

third ' 0.1- fi 1 

! 


These are determined as follows: weigh about 2 grains of butter into a plat- 
inum tlooch crucible half filled with ignited fibrous asbestos, and <lry it at 1(K)° C’. 
to constant wt*ight. The los.s is the amount of water. Dis.solvc out the fat by 
repcateil treatment with p('trolcum ether and again dry to constant wi'ight. 
The loss reprc'sents the amount of fut. Ignite the crucible with a low flame or in 
a inufHe, being careful not to volatilize the salt, until a light-gray ash is obtained. 
The loss r('j)r(*s(*n(s curd and the iwidue ath. By extrai'tion of the ash with water, 
and neutralization with calcium carbonate, the salt can be titrated with silver 
nitrate. 

Examination of the Fat. Butt(*r is adulterated with oleomargarine, ren- 
ovat(‘d butter, and cocoanut oil. The first may be dete<*ted by testing for 
cottoihseed or sesam6 oil either by the color tests or by the index of refraction; this 
at 25° is for butter 1.459 1.462, for oleo. 1.4t)5- 1.470. Owing to the fact that 
butter contains a large per ccuit of volatile fatty acids (butyric!, cajiroic, caprylic 
and capric acids, in all about 8%), adulterants may be cletected by d(‘termining 
the amount of these. TChe process usually employed is that of Reichert modified 
by ^leissl. 

Fiv'e grams of the clear fat, filtered through absorbent cotton, are weighed 
into a 25()-cc. round-bottomed fla.sk and saixmificd by 2 cc. pota.ssium hydroxide 
1 : 1 and lOcc.of 95% alcohol, undcra return flow condenser for twenty-five minutes. 
The alcohol is rapidly evaporated off on the water bath until no odor of alcohol is 
iwrceptible. Add slowly 160 cc. of recently boiled distilled water which has been 
cooled to 50° or 60°; warm the flask until a clear solution of the soap is obtained. 
Cool to about 60° and add 8 cc. sulphuric acid 1 : 4 to liberate the fatty acids. 
Drop into the flask two bits of pumice (about the size of peas) which have been 


I 
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hoatpfl ixihI (|u<!iich«d iti water, anfl tic in a wcll-fittinf; cork; warm the flask 
until the fatty acids ha\"e melted and are floatiti;; on the liiiuid. Ckxol to about 
60° and attach the flask to a condenser, using a trap to prevent the sulphuric 
acid fr<»m being iin>chanically carried over; 110 cc. are distilled into a graduatcti 
flask in as nearly thirty minutes as jxissible. Thoroughly mix the distillate, {wur 
through a dry filter, and titrate 100 ce. with N/10 NaOlI, using phenol phthalein 
as an indi(*!ilor. Multiply the cc. of alkali by 1.1 and calculate them to 5 grains 
of fat. The Jt<*ichert-Meissl value for butter is from 24 to 34, the average is about 
28.8; eocoanut oil gives 6 8 and other fats less than 1. 

The proceilure is a conventional one and should be followi'd as exactly a' 
possible. tlocoanut and other vi'getable oils would be shown by the fa(!t tlAt 
the unsafK)nifiabl(‘ matter wouhl contain j)hytost(*rol; al.so by the J’olenske numlxv ^ 
Itenovated buttc'r is best shown by the “Spoon or Foam Test.” This con-'- 
sists in melting a third of a teasiioonful of the sanifile in a tablespoon over a small 
flame and stirring with a match. Increase the h(*at until the fat boils briskly, 
stirring thoroughly several time's. Oleomargarine and renovateul butter boil 
noisily, sputtering like a mixture of grea.se and wate.'r and preslucc no foam. 
Ihitter boils with less noise aiid much foam some'times rising over the sides of the 
spoon. The pieces eif curd in butti'r are much smalh'r than in eit her of the others. 

Preservatives, benzoic, beiric and salicylic acids, may 1)(5 ('.\amined according 
to the procedure given in 'Woodman and Norton, “Air, Water and J'\K)d,”])p. 154 
and 1 06. 

Color may be detected according to Allen, “Commercial Organic Analysis,” 
4th Ed., Vol.’ll, or I.each’s “ Food Analysis.” 

Lard is adulterated with water, 2.5% being addc'd in sonu* ca.ses, with cotton- 
seed oil or stearine and beef steariia;. 

Water is determined as with butter; cottonseed €.il or ste.ariiui by the usual 
tests. It should Ixi liortu! in mind, Imwcver, that hogs feil on coltnn.se(>d nu*al 
yiehl a lard which will give the Ilalphen test as strongly as if it contained 25% of 
the ( il. The iodine number and the jm'sence of phytost(*rol will confirm this 
test; the iodine number varies wich'ly according t*> the sourct' of the fat, but in 
general it may be said it should bo between 46 ainl ()(■•. 

llr-ef stearine is very ditlicult if m t im|M>,ssibleof tlc'fection. For this, reference 
may be had to lx;wkowitsch, 5th Ed., Vol. 11. 


HARDENED OILS 

As the name denotes, these are oils which have been changed to more or 
less solid fats by the addition of hydrogen, in the presence of a catalyst, u.sually 
a comiM)Und of nickel. This betrays their pre.soncc and may bo tested for as 
follows :* 

Ten grams of the fat arc heated on the water bath witli 10 cc. of hydrochloric 
acid (sp. gr. 1.12) with fre<iuent slaiking for two or three hours. The fat is removed 
by filtering through a wet filter, receiving the filtrate in a porcelain dish; after 
partial evaporation of the filtrate 2 or 3 cc. of strong nitric acid are added and 
the cvaixoration continiajd to dryness to ensure the destruction of the organic 
matter. The residue is dis.solved in a few cc. of distilled water, a few drops of a 

*Z. Nahr. C}enus.sm., 7, 193, 190-t, also Ijeach.. “Food Analysis.” 

*Kcrr, J. lad. and Eng. Chem., tt, 207, 1914. 
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1% solution of dimethyl Klj'oxime in alcohol added, an<l a few drops of dilute 
ammonia. The presence «)f nickel is shown by the appearance of the red-colored 
nickel dimethyl glyoximc. The amount of nickel can be determined colori- 
metrieally by comparison with solution.s containing known quantities. 

The quantity of nickel is very minute, not as much ns the fats take up when 
cooked in nii-kel or nickeled dishes and need cause no ap{)r(‘hension. 

Hydrogenation destroys all the characteristics, particularly the color tests, 
by which the different oils may be sometimes deteett'd. 

WAXES 

vfhese, as will be remembered, contain no glycerine; tin; tests applied to them are 
>1^ same as to the oils. The characteristics of the more commonly occurring waxes 
are given in the tabh*, p. (iOti; sperm oil, whic*h is really a liouid wax, is includcid 
among the oils. 


MISCELLANEOUS OILS AND LUBRICANTS 
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Bolt Dre.ssings are (1) mixtim's of fats, w'axes, degras or tallow with castor 
or fatty oils; (2) vulcanized corn or coMonswd oil thinned with na])htha: (3) 
preparations containing w’ood tar; or (4) preparatif)ns containing ro.sin, which 
is undesirable. Black ( ils, c.ar « ils, well < il or reduc«*d oils are crude oils 
from which the naphthas and burning oils have been separated by distillation. 
Crank-cjuso «,ils are pure mineral oils which emulsify but little with wjiter. Mil- 
ling-machine or .soluble < ils are lanl, sulphonatcd oils or mineral oils held in sus- 
pension in water by ,soa])S or alkaiie.s, as borax or soda; the soaps u.se<i are either 
ammonium, sodium or ixitassiiim with resin, ohu’e or sulphofatty acids. l{.o.sin 
I ils are obtained by distilling or “ running rosin, each distillate being called a 
“ run ” and numbered accoriling to the times it Inis been distilled. They oxidize 
quite rajndly and should not lie used as lubricants except as soaps in lubricating 
greases. Screw-cutting oils are often mixtures of 27° B6. paraflin and 25% 
hitty oil, preferably cottonseed, although lard oil was formerly used. Stainless 
( ils are spindle or loom oils mixed with fatty oils — ^lard or neatsfoot. Transformer 
oils should be either pure mineral or rosin oils and as free as possible from water* 
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acid, alkali and aulphur. Turbine oils should be of excellent quality, free from 
acid and tendency to resinify, and low in sulphur. Watch <Jl is obtained from the 
poriHjise, dolphin, or bluckfish, where it exists in cavities in the jaw and in the 
brain or “ melon ” of the fish. Lubricating greases are mixtures of soaiw of palm 
oil, tallow or rosin oil (with lime or soda as bases) with various oils or fats such as 
rosin, tallow or mineral oil. The best are those made from fallow by ssiiioiiifica- 
tion with caustic soda. They may also contain finely powdered talc or graphite. 
Non-fluid oils are oils or their greases stiffened with “ oil pulp ” or “dope,” i.e., 
aluminum oleatc or palrnitate. 

The source, pr(q>aration and us<*s (if the various oils and grea.ses art 
in Rogers and Aubert’s IiKlnstrial Clhernistrv, (Ihai)ters XXI 1, XX 
and XXVII. 

For the guidance of the analyst, the characteristics of the more 
occurring oils are given, the usual figures being given in italic. 

The vegetable oils may be classiti(;d into 

Drying. Lin.seed, t hineso wood, pt)ppy.seed, sunflower and menhaden. 

Semi-drying. Corn, cotf«>nseed, sesam6, rape, blaek mustard and horse. 

Non-drying. Castor, r-lmond, ix'anut, olive, cocoanut, palm, seal, cod-liver, 
elaine, lard, neatsfoot, tallow, SiXirni and whale. 


! descrjKid 

IV, /xv 


frequentic.' 
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CHARACTER! OF THE FATTY ACIDS FROM SOME OILS 


Oil. 

Uofr. Tiul. at 
60* C. 

M.pt. H\ 

Solidifn. Pt. 

1 op 

1 lodiiin 

1 IVr coiit. 

Almond 

1 .44(51 

13-14 

9-11.8 

1 93.5-96.5 

Ctustor 

1.4.54(5 

j 

3 

8(5-88 

^hinoso wood 



1 40 13. S 

1 31.2 

14.5- 1.59. 4 

Coc\iniit 

1. J!).5 

24-27 

1 

1.5 20 

! 8.4-9 

Cj^livor, Modicinnl 

— 

1 

17-18 (titer) 

1(54-171 






(Jorn 



1 1S-2I.(5 

1 14-1(5 

11.3-125 

(^ottonsood 

1. 11(5 

j .31- 10 

32-;i.5 

10.5-112 

ICl.niiio 

1 

i 

1 

1 

IIoisc 

1 

1 

1 :i7..5-39..5 

! .3.3. (5 -.37. 7 

1 84-S7 

Ljinl 

1 

3.5 


1 

Tiins<‘<Ml 

1 i.ir>u> 

1 17 21 

1 13 17 

1 179 209.8 

Morihadoii 

1 \o fiKur(\s av 

laihhlc. 

1 

1 

1 

Iil:i(*k Muslnrd 

j 1 . l(5(5.5a( 20° 

9 17 

1 (5 8 

1 108-12(5.5 

Ni‘!itsfoot 


1 2S ;5 29.. S 

1(5 2(5.. 5 

!>• 

r-J 

/ 1 

1 

1 

(ti(er) 

1 

()Iiv(^ 1 

1 

1.1 >10 1 

19 :ii i 

17 21.(5 


Palm 

— i 

47. 7-. 50 i 

.3(5- 1(5 

.53.3 


i 

i 



IVnniit 

1.11(51 1 

27 -.3.5 

22 .32.. 5 

9.5-103 

Poi)i)vsre<l 

i.4ri()(5 1 

20 21 1 

1(5. 5 

139 

llilpO 

1.419! 

1(5 -22 j 

1(5-18 

99-105 

Seal 

1 

I4-:53 1 

13-17 

18(5-202 

Sosjiin ‘ 

1.41(51 1 

23-:52 

18-2(5 

109-1 12 

Spc'rin 

-- 

i:i-2l 

1(5 

83-99 

Sunflower 

1.4.5:11 

17-24 

17-18 

124 

Tullow 





Whale 

— 

14-27 

23-24 

130-132 
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Multiplying Factors to Reduce Saybolt Times to Engler Numbers or to 

Redwood Times * 


Saybolt Times 
Socoiids. 

Factor Saybolt 
Tiiiip to Kiiglcr 
Nunibor. 

Factor Say- 
bolt Time 
to Uf'dwooci 
Time. 

28 

0.0367 

0.95 

30 

.0352 

.95 

32 

.0346 

.94 

, 34 

.0342 

.94 

36 

.0337 


38 

.0334 

.93 

40 

.0330 

.93 

42 

.0327 

.92 

44 

.0323 

.02 

46 

.0320 

.01 

48 

.0317 

.01 

60 

.0314 

.90 

66 

.0308 

.IM) 

60 

.0302 

.80 

66 

.0207 

.88 

70 

0.0203 

0.87 


Saybolt Times 
Seconds. 

Far! or Saybolt 
Time to Kngler 
Number. 

Factor Say- 
bolt Time 
to Redwood 
Time. 

75 

0.0289 

0.86 

80 

.0286 

.86 

86 

.0284 

.86 

90 

.0282 

.85 

96 

.0280 

.85 

100 

.0279 

.86 

110 

.0276 

.85 

120 

.0274 

.8-4 

130 

.0272 

.84 

140 

.0271 

.84 

160 

.0269 

.84 

180 

.0268 

.84 

2(H) 

.0267 

.84 

iAoo 

0.0267 

().’84 


Tlic I^np;lor luiinbor is flic qnofiont of Engler Time divided by the water value 
of the instrument at 20° C. in sc^eonds. 


Reagents 

The reagents used in oil analysis are f<‘W and easily obtained. A list and 
their inelhod of i)re|)aration is licrc given. 

Antic Acift, dlncittl. Baker and Adamson’s (’. P. or Kahlliaum’s "Eisessig," 
90.5 pure. I'lie determination of its strength should be made by titration and 
not })y sp(*eific gravity, as the 98^’J; and S0'’f? acid have tlie same s[)eeific gravity, 
1.0()7. The do((*rriiination of the melting-point gives results e(]ually good wath those 
obtained by til rat ion and reejuires less time.- It is made after the manner of the 
“titer test'' (p. 50S), the tube ])eing half filled, chilled to 10 to 11° ami further 
chilled l)y ])laeing tlie outside bottle in ice-water; the temperature of the super-cooled 
acid rises to its melting-point, where it remains stationary for sonic time. The melt- 
ing-points of a(‘ids of various strengths are as follows: 

100^;, 10.75° C.; 99.5%, 15.05°; 99%, 14.S°. 

For Ilanus’s solution it must not redime potassium bichromate ami sulphuric acid. 

Aretic Anht/dride. Baker and Adam.son’s (". P. or Kahlbaum’s “ Kssigsaures 
Anhydrid.’' 

AlvohoL Commercial “Cologne Spirits.’' For the preparation of ah^ohol free 
from aldehyfle for alcoholic j)otiish, cologne spirits arc treated with silver o.vidc a.s 
follows: 1] grams of silver nitrate are dissolved in 3 cc. of water, added to 1 liter of 
alcohol and thoroughly shaken; 3 grams of potassium hydrate Jire dissolved in 15 ec. 
warm ah*ohol and, after cooling, n<lded to the alcoholic silver nitrate and thoroughly 
shaken again, best in a tall bottle or cylinder. The silver oxide is allowed to settle, the 
clear liquid siphoned off and distilled, a few bits of pumice, prepared by igniting it ami 
immediately quenching under water, iMung added to prevent bumping. Alcohol 
for use in the free acid determination is prepared by placing 10 to 15 grams of dry 
sodium carbonate in the reagent bottle, taking care to filter it before use. 

Alcohol^ AmyL Kahlbaum’s manufacture. 

liroinine. The commercial article; also a N/3 solution, made by dissolving 20.6 
grams bromine in I liter carbon tetrachloride. 

* Proc. Am. Soc. Test. Mat., 16, 1, 288, 1915. 

^Mcllhincy ct al., J. Am. Chem. Soc., 29, 1224, 1907. 
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Calcium Chloride. The dry and also the crystallized salt. 

Calcium Sulphate. Plaster of Paris. 

Carbon Tetrachloride, liakcr and Adamson’s C. P. or Kahibaurn's " Tetrachlor- 
kohlenstoff.” 

Chloroform.^ Squibb’s^ U. S. P. 

Copper. Copper turnings or c^lippin^s, used for the gcncratioti of nitric oxide. 

Copjuir Wire. Cut in pieces of 0.3 to 0.5 irram. 

Ether. Sqiiil>b’.s^ IJ. S. P. 

Gasoline. CJasoline, S(i° Haunu*. 

Hydrochloric Aeid^ P. — Sp(‘cific gravity 1.2. For N/2 HCI tiiliite 39 re. of the 

above acid to 1 liter and .standiirdizo. 

loditte Solution. Fifty grams of iodine to 1 liter of alcohol. For ilanus’s solution 
dissolve by warming 13.2 grains iodine in I liter glacial acetic acid; cool and add 3 cc. 
of broiidne. 

Leaf I Acetate. One liumlrcd grams of salt to 1 liter. 

Laemoid. Three grams per Iit«T of dilute* alcohol. 

Lartnoid Paper. Unsized paper dip]H*d in ai)ove solution. 

Litmus Paper. 

Mercuric Chloride, Sixty grams of the .salt to I Iil(»r of alcohol. 

Nitric A rid. Specific gravity 1 .3 1. 

Phenol phthfdeiu. One gram of the .substance to 500 cc. of alcohol. 

Meta-Pho.sphoric Add. A saturated solution of the conmua'cial “slick phosphoric 
acul “ in absolute alcoliol. 

Potassi um JLehro/ufite. l)i.s.solve 3.S(i.33 grams of the* C\ P. .s;ilt in I liter of water* 

1 cc. is e(|uivalent to 0.01 gram of iodine. The sohitioti should be tested agaiiLst iron 
wire containing a known p(*r<‘ent:ige of iron. 

Potassium Hydiyte. N/'2: Dissolve 30 grains of “ ))otasli by alcohol ” in 1 liter of 
alcohol. N/0: Dissolve 10 grains of “potash by alcohol” in 1 liter of water and 
dilute to ])rop<*r str<‘ngth. Thr solution should bo i>rote**ted by “ stick potash ” from 
the carbon dioxide in the air. Ten per rent.: Dissolve 100 grams of “ stick potash ” 
in llOOcc. of alcohol. 

Potassium lodatc. A 2['i solution. 

Potass'iufn Iodide. One hundred gram.s of the commercial salt are dissolved in 1 
liter of water. This should be free from iodate, shown by yielding no coloration when 
acidified wit h strong 1 1( 3. 

Silver Nitrate. Thirty grams to 1 liter+0.4 cc. DNTDj. 

Sodium. 

Sodium Chloride. Ordinary “ coarse fine ” salt for freezing mixtures. 

Sodi um Hydrate. .!()'' Paume'j. Dissolve 300 grams of caustic soda in 1 liter of water. 

Sodium N itrojiriissidc. 33io commercial salt. 

Sodium Thiosulphate. N/10; Dissolve 20 grains of “sodium Iiyposulphite ” in 
1 liter of wat(‘r. Sei* page; 204. 

AStareh Solution. Hub up in a mortar 1 gram of potato starch, with 10 to 15 cc. of 
water, pour this into 2(K) cc. of water which is boiling actively, and continuo the 
boiling for a few minutes. 

Sui/ar. Ordinarily granulatiMl .sugar. 

Siilithur. A I.5S solution in carbon bisulphale. ^ 

Sulphuric And. C. P. This should l>e at least 00.5^ pure, and its strength be 
determined by titration, as 100^'; and 04.3% acid have the same specific gravity. 
lyUuic. One part acid to ten parts water, 

Nitrosulphuric Arid, for the l^l:ii«liri lest. A liter of sulphuric acid of 40® Bauin<^ 
(1.47 siKH-ific gravity) U iirepared by diluting 500 cc. commercial sulphuric acid to 
1 liter; a fr\v drops of nitric acid are added and nitric oxiilo (generated from copper 
and nitric acid) passed in until it is saturated. The acid is thou cooled in ice-water 
and the gas passed in until it is saturated at 0® C. This is called Roth’s liquid. 


The author wishes to acknowledge his indebtedness to Mr. Thomas T, Gray 
for his careful review of this chapter. Mr. Gray’s broad experience in petroleum 
liroducts as Ghief Ghemist of Tidewater Oil Company, makes his criticism and 
suggestions of special value. 


^Richmond, J. Soc. Chem. Ind., 9, 479, 1S90. 
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that this oil contains an unsaturated fatty acid which combines with sulphur, 
giving a colored compound.^ 

Pr .cedure. Ten cc. of the oil or melted fat are heated, in a large test-tube 
with a long glass condenser tube attached, with an equal volume of amyl alco- 
hol and of carbon bisulphide solution of sulphur (Reagents), at first with frequent 
agitation, in a st€*am bath, and then, aftcT the violent boiling has ceased, in a 
brine bath (105-110°) for forty-five minutes to throe hours, according to the quan- 
tity of adulterant present, the tube being occasionally removed and shaken. 
As little as 1% will give a crimson wine coloration in twenty minutes.* 

Notes. If the mixture bo he* *ed for too long a time a rnislea<ling brownish- 
red color due to burning is produivd. "riie reaction sc^ems to be peculiar to this oil; 
it is more sensitive with fresli than old fats, and whih', by comparison with a blank, 
^ of V/o is noticeable, 1 ()f V/o is easily detected. (Motion-seed oil which has been 
heated t«) 250° <1(m\s not give the test; tlic oil is then not available as food. Heating 
to 2(K)° does not interfere witli tin' tc‘st-‘* 

The test is not given by an oil which has been oxidizc^l with sulphuric acid and 
potassium permanganate, altliough such an oil gives the Rechi test.^ This shows 
that the two tests are not produced by the same substance. Nor is this test or that 
of Rechi given by an oil which has been treated with clilorine or sulphurous acid.'*^ 
If tn'iteH with the former it is no longer edible; an oil treated with sulphurous acid 
and washed with ah'ohol cannot be distinguished from ordinary cotton-seed oil and 
does not, as already stated, n^spond It) eitluT th<! Malphen or Rechi test. In this 
case the test for phytosferol is the only means of tltMcTinining if it has been added 
to an animal oil. The test is also givtm by kapt)k oil, which is iistnl as an edible oil in 
China, the Kast and West Indit's, and in Africa; bat))>ab oil also gives it. 

Lard from hogs fed t)n cotton-set'tl mt'al sho\vs this reaction strongly, as if it were 
25% oil.^’ The butter from cow's similarly fed also yit^lds the rt'action.’ 

Thti test may be applied to the soaps or fatly acids, provided tht^y arti not loo 
deeply colored. 

Tlie amyl alcohol cannot be omitted nor suijstituted by ethyl ah*ohol without 
impairing the delicacy of the test.** The compound in the oil cannot be removed 
by treating with animal charcoal.* 

Hexabromide Test for Linseed Oil. The object of the tost is to determine the 
amount of insoluble bromides of the fatty acids contained in the oil. 

Fifteen grains of the oil are saponifiial by boiling with 15 cc.of potassium hydrox- 
ide solution, sp.gr., 1.^5, and 15 cc. of alcoliol in a flask umhu* n reflux condenser; 
3()i) cc. of warm water are added and the solution distilled with steam until the 
alcohol is removed. Dilute sulphuric acid is added to excess, the solution heated 
until the fatty acids are obtained as a ch*ar oily upper layer; this is washed several 
times with hot distilled water until free from sulphuric acid, using methjd orange 
as an indicator. This does not react with fatty acids of low molecular weight 
which being soluble in water may redden litmus. Tliis washing is effected in an 
atmosphere of inert gas, earbonic aci<l or hydrogen by stopping the flask with a 
three-holed stopper, carrying a siphon, an entrance and an exit tube for the gas. 

* Raikow, C^hem. Ztg., 24, 502, 583, 1900. 

*()ilar, Am. CMhern. J., 24, 355; ab.str Anal., 20, 22, 1901. 

* Fischer and Peyan, Analyst, 30, 131, 1905; Soltsien, Z. ofTeiitl. Chem., 6, 135. 
1899; .J. Soc. ( "hem. Ind., 18, 865. 

^ Raikow, loc. cit. 

Petkow, Analyst, 32. 123, 1907. 

®Soltsien, Z. c ffentl. Chem., 7, 140, 1901. 

’ Wauters, J. Soc. (^hom. Ind., IJ, 172, 1900. 

^ Soltsien, loc. cit., 25, Oilar, loc. cit. 

* Utz, Rev. Fett u. Harz. Ind., 9, 125, 1902. 
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The acids are siphoned into a small Erlenmcycr flask and in case a few drops of 
water come over — an equal quantity of alcohol added and dried upon the water 
bath in a stream of dry inert gas. 

In order to test for the presence of unsaponifled fat, 3 cc. are dissolved in 
15 cc. of 95% (by volume) alcohol, and 15 cc. of aqueous ammonia are added. If 
an appreciable amtmnt of fat has escaiied saponification, the mixture will become 
turbid (Geitel). 

Two grams of mixed fatty acids ‘ are dissolved in a flask in 27 cc. of dry ether, 
cooled down to 10° C., and 0.25 cc. of bromine allowed to run into the solution 
from a very finely-drawn-out pipette, the time allowed for this being about twenty 
minutes. The remaining 0.25 cc. of bromine is added somewhat more rapidly, 
within about ten minutes, the brominatioii thus occupying about thirty minutes. 
The authors attach great value to the? exact observance of the time. The tempera- 
ture should never be allowed to rise during bromination above 5°. The flask is 
corked and allowed to stand for two hours at 0°. The ethereal solution is next 
decanted through a wciighed asb<‘stos or paper filter (Lewkowit.sch) and the 
precipitate is washed with five lots of .5 cc. each of dried and cooled ether. After 
complete draining, the pr(*cipitat(! is drie<l for two hours at S0° to 85°, and allowed 
to cool in a d(?siee;itor. Tins f(‘inp(‘ralure is designedly kejd Iwilow 1(M)°, as the 
authors found that the color of I he liexabrornido becomes somewhat gray if the 
drying takes place at 1(K)°. The melting-|K)int of the ht'.xabroinides was 177°, 
wln*reas the melting-|M>int of jam; lu'.xabromide has b(*(*n found to be higher. 
No doubt the low nailting-point is chu* to the drying having bcien carrh'd out below 
1(K)°. 

Nevertheless small traces of retained moisture cannot account for the much 
larger yield of hexabromide Avhich the authors obtained. 

The yields of liexabromide obtained by these authors are as follows: 


Fatty Aritls 

P<T rriit 

Fatty A rills 

Prr cent. 

Porillji oil 

(il 12 

1 Tun^ oil 

nil 

up to 7 . 78 
nil 

Linseecl oil, Baltic* 

.')7.90 

Sovji l)(*iiii oil 

Linsc^ccl oil, Dutch 

.61.7:1 

l^)f)pv sc*(vl oil 1 

Ijinsc'CMl oil, Ba Plata 

.61.(>(> 

litiiw oil 

6.:i4 

Linseed oil. Indian | 

.50,. 60 1 

‘ 1 


Renard’s Test for Peanut Oil.^ Tohnan ^ has nHsIified this as follows: 

Weigh 20 gram.s of oil into an l*jrlenm(\v(*r lla.sk. Saponify with alcoholic 
potash, neutralize exactly with diluto acetic acid, using phcnolphthalein as indic.-i- 
tor, and wash into a 5(K)-cc. fla.sk containing a boiling mixture of 100 cc. of water 
and 120 cc. of a 20^^, lead acedate solution. Hoil for a minute and then cool the 
precipitatt'd soap by immersing the lhi.sk in water, occa.sionally giving it a whirling 
motion to cau.se the soap to stick to the siiles of the flii.sk. After the fla.sk has 
cooled, the water and excess of lead can bo poured off and the soap washed with 
cold water ami with 99% (by volume) alcohol. Atid 200 cc. of ether, cork, and 
allow to stand for some time until the so.ap is disintegrated, heat on tho water 

^ Eibncr and Muggenthaler, lfiirl)eii Ztg., 1912. 

* Rcnard, C.’oinpt. rend., 73, i:i:i0, 1S71; also Archbiitt, J. Soc. Ghom. Ind., 17, 1124. 

• Bull. 107, U. S. Dept. Agriculture, 1907, p. 146. 
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bath, using a reflux condenser, and boil for about five minutes. In the oils most 
of the soap will be dissolved, while in lards, which contain much stearin, part 
will be left undissolved. Cool the ether solution of soap to or 17** C. and 
let it stand until all the insoluble soaps have crystallized out (about twelve 
hours). 

Filter and thoroughly wiush the precipitate with ether. Wash the soaps on 
the filter back into the flask by means of a stream of hot water acidified with 
hydrochloric acid. Add an excess of dilute hydrochloric acid, partially fill the 
flask with hot water, and heat until the fatty acids form a clear oily layer. Fill the 
flask with hot water, allow the fatty acids to harden and .separate from the pre- 
cipitated lead chloride, wjush, drain, repeat washing with hot water, and dissolve 
the fatty acids in 100 cc. of boiling 90 |>cr cent (by volume) alcohol. Cool to 
15“ C., shaking thoroughly to aitl crystallization. 

From 5 to 10 jer cent of ixianut oil cjin be detected by this method, as it 
effects a complete separation of the solubici acids from the insoluble, which inter- 
fere with the crystallization of the arachidic acid, mter, wash the precipitate 
twice with 10 cc. of 1M)% (by volume) alcohol, and then witlj ah'ohol 70% (by vol- 
ume). Dissolve off the filter with boiling absolute alcohol, evaporate to dryness 
in a weighed <li.sh, dry and weigh. Add to this weight 0.(K)25 gram for each 10 cc. 
of 0()% alcohol used in the crystallization and washing if done at 15“ C.; if done 
at 20“ add 0.0045 gram for each 10 cc. The melting-point of arachidic acid thus 
obtained is between 71“ and 72“ C. Twenty times the weight of arachidic acid 
will give the appr<j.\itnat<e amount of peanut oil jm'seiit. No examination for 
adulterants in olive oil is comphde without making the test for ix'anut oil. Ara- 
chidic aci<l has a charact<>rist ic structure and can be detected by the microscope. 

Bach’s Test for Rapeseed Oil. Ac(;ording to O. Hach,' the acids obtained from 
rape-.seed oil are completely insoluble in David’s alcoliolic acetic acid, in the 
projiortion of 1 to 1.5, by volume; those from cotton.sced, ix'anut, sesame, and 
sunflower oil dissolve on heating. Those from the last oil separate sus a granular 
precipitate at 15“, while from the other three they gelatinize. The acids from 
olive oil are completely .soluble at the ordi?iary tem|M*rature. David’s acid is 
mjide by mixing 22 cc. of .50% acetic aca'd (by volume) with yo cc. of alcohol, .sp.gr. 
0.817, 92.07% (by weight.) 

Note. The author ha.s found that B.ach’8 observation cannot be implicitly 
relied upon, as some raije-sccd oils yield acids which arc soluble in David’s mixture. 

Liebennann-Storch Test for Rosin Oil. One or 2 cc;. of the oil are shaken 
with an eqind quantity of acetic anhydride and gently warmed. Whc*n cool 
the acetic anhydride is pip<;ttcd off and tested by the addition of 1 drop of con- 
centrated sulpliuric acid. A fine violet coh»r is produced in tin; pre.sence of rosin 
oil. Tung oil and also cholesterol, whic.h is contained in the animal fats, produce 
a similar coloration; the latter can bo removed by saiM)rufying the oil as completely 
as possible an<i shaking out the somewhat dilute soap solution with ether or 
petroleum ether. The soap solution i.s then acidified, setting free the fatty 
acids, and the.se treatcxl with acetic anhydride as if they were the oil. 

Baudouin’s, or Camoin’s test for Sesamfi OU. Villavecchia and Fabris’ 
apply the test as follows: 0.1 gram sugar is dissolved in 10 cc. of hydrochloric acid 

’ Allen, " (Commercial Organic Analysis,” 2, pt. 1, 128, 1899. 

* Z. angew. Chem., 509, 1892; abstr. J. iMc. Uhcin. Ind., 12, 67 ; also Kerp, Analyst, 
24, 246, 1899. 
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of KiKjcific gravity I. IS in a tcst-tnbp, and 20 grams of tho oil to be tested added, 
the whole thoroughly shaken and allowed to stand. In the presence of 1% of 
Resam6 oil the aciueous licpiid will be eohnvil red,' due to the action of the fur- 
furol formed upon the oil. They state that as olive oils of undoubted lairity have 
shown the reaction in tin* aqueous layer and not in the oily stratum, the color should 
be looked for in the latter. 

The sugar may be replaced by 0.1 cc. of a 2*;(, solution of furfurol and half the 
quantity of oil u.sed. 

Milliaii* saponifies as in the Bechi test and dries the acids at 10o°. Lew- 
kowitsch * states that this is a needless complication. Da Silva ^ states that this 
test has given colors with certain Portuguese f>live oils; also those of Bari Brindisi 
and Lecce. Kreis® state.s that the active or color-giving constituent is probably 
phenolic in its nature. The reaction is given by other substances,® as vanillin, oil 
of cloves, and cinnamon; this should l)c borne in mind in testing oils which have 
been extracted from confectionery. Itancid fats prevent the coloration; it can, 
however, be brought about even in rancid fats by the addition 
of an equal quantity of cotton-seed oil. ^ 

Free Acid Test. About 10 grams of oil are weighed (to 
centigrams) into a 250-cc. Erlenmeyer flask, 60 cc. of neutral 
alcohol (lieagents) added, the mixture warmed to about 60° 
C., and titrated with N/'6 potassium hydrate, using phenol- 
phthalein, the flask Ijcing freqiiently anfl thoroughly shaken. 
The result is conventionally reported in per cent of oleic acid; 
1.0 cc. N, 6 KOH is equivalent to 0.047 gram oleic acid. Or 
it can bo reporte<l like the saponification number, in milli- 
grams of KOII per gram of oil. 

Spontaneous Combustion Test. Mackey’s Apparatus. 
The apparatus,® Fig. ii2o, consists of a cylindrical copjHir water 
bath 7 in. high and 4 in. in diameter (inside measurements), 
surrounded with a ^-in. w'ater-jackct. The cover is packed 
with asbestos and carries the draft tubes A and li, in. in 
diameter and 6 in. long, which cause a current of air to be 
sucked down li and up A, thus ensuring a circulation of air 
in the apparatus: f’ is a cylimler made of 24-inesh wire gauze 
6 in. high and 1.J in. in diameter ujid support«‘d U|K)n a pro- 
jection from the bottom of the b.ath. A th(‘rmomcter projects 
down into the center of the cylinder; if a metal condenser 
be connected to the water bath it can be used indefinitely without refilling 
and without danger of burning out. 

Seven grams «*f ordinary bl(';ich<*d cotton wadding or “ absorbent cotton ” 
are weighe<i out in a jMircelain dish or <»n a watch-glass, and 14 grams of the oil 
to be tested poured ujam the c*o(ton and thoroughly work(*d into it, care being 

‘ Ibid., 1803, 505; abstr. Analyst, 19, 47. 

• J. Am. <3u!m. Soc., l.>, l(i2, iSO.3. 

• “ Oils, Rats and Waxes.” 

® J. Soc. C3iem. In<l., 17, 275, 1898. 

®Chem. Ztg., 27,310, 1003. 

• Cierber, Analyst, 32, 90, 1007. 

'LauiT and llihsinann, Chem. Ztg., 31, 1023, 1008. 

• Mackey, J. Soc. Chem. Ind., 13, 90, 1896; Dill, ibid., 26, 185, 1907. 
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taken to replace any oil that is lost. The cotton is then i)lacccl in the cylin<lcr, 
packed about the thcrinoinctcr so lhaf it f)ccupies the upper 4j in. of the cylinder, 
and put into the boiling water bath. After (he expiration of an hour, the bath 
having been kept in active ebullition, the t(‘m|)era(ure is read. Any oil which 
showsatemperatur(*e\ceediii;? 100° (*. in one hour, or 200° C. in two hours, should 
bo regarded as .a dangerous oil, or liable to produi'c* spontiineous combustion. The 
following tables .show the results obtained in using this ap])aratus. 


Oil 

I 

1 hr. 

't*in|u*r:itnri‘ in 

It his. 1 hrs. 

Olive (iitMitrul) 

97- !)8 
112-1 28 

98- 103 
102-114 

KM) j 101 

177 212 191-282 

I0M1.5 102-191 

. . . . 196 

C.^ot ton-seed 

Khiino 

Olive fatty acids 




Other values obtained were: 


Oil. 

IVnip. 

Time* 

Miiiui('8. 

j lutiini*, 

1 No. 

j FrtM* Acid, 

1 per ccut. 

i 

Olive 

234 

130 

85.4 

: 5.3 

Lard 

234 

75 

75.2 

Tnaco 

Oleic acid 

158 

188 

60.5 

• 

Cotton-seed 

234 

70 

108.9 

j Neutral 

Linseed 

234 

65 

168.1 

1 Neutral 

25° Paraffin 

97 

135 

16.2 

1 







Besides being used for testing oils it can be applied to testing other materials, 
oily w.aste, sawdust, or any mixtures suspected of causing spontaneous combustion. 

“ The results ^ of the greatest practical value obtained in the use of this appa- 
ratus have l)een, first, dctcrinining the cause of fires; and, second, determining the 
degree of safety of the various f)ils u.sch1 in manufacturing. Mineral oil, as is 
well known, is not liable to sp«)ntaneous combustion; and a certain percentage of 
animal or vegetable oil may be added to mineral oil without materially increasing 
the danger under ordinary circumstjinces. ^'his i)ercentagc varies according to 
the oil ; with ni*at.’s-foot and fii'st tjuality lard oil s«)in<‘ 50 to 00% may be use<l, with 
cotton-seed not over 25% is allowable. The claim so often made for so-called 
‘ safe ’ oils, said to Imvo been change<l by s|)ecial and secret processes of refining 
so as to be no long(‘r d;ingerous, is easily exposed by this test.” 

Drying Test Upon Glass.’^ A few drops of oil ai-c brought upon a gla.ss plate 
inclined at about 30° from the horizontal. A test of the oil is made from time 
t.o time by touching it with the fingers, the time at which it does not soil them 
being not(!d as the point wluui it is dry. Good oil should dry in three <lays. 

Archbutt* makcis this ((‘st as follows: A piecx; of poli.slicd plate-glass 7 cm. 
square by 4 min. thick is cleaned and counterpoi.sed on the balance; it is then 
heated for an hour at 2(K)° t^. in an air bath to thoroughly dry it. It is taken out, 

‘Iliclianls, Tech. Quarterly, 4, 340, 1891. 

* Amscl, .1. Soc. Chem. Ind., 15, 222, 1896. 

» J. Soc. Chem. Ind., 18, 317, 1899. 
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laid on n non-conduclor, a1lowe<l to cof>l for thnn; or four minutes, and the hot f^lass 
thinly painted with the f»il to be tested by means of a eainel’s-hair brush. When 
the glass is cold it is weighed and sullieij'nt <)il add(‘d to make it up to 0.1 gram. 
Two glasses are eoat(‘d with the sample and (wo with u standard oil, all placed on 
a level surface in a large air bath at 50“ (\ and heated for nine hours; one set f)f 
plates is withdrawn, cooled, aiul testetl by the finger, flood raw linseed is tacky, 
when tested by the finger when cold, in nine hf>urs and dry in twelve; corn oil is 
practically dry in fifteen hours, though slightly tacky; cottonseed, ])!irtially dry 
in eighteen hours and fullv dry in tw<*rdy-one. lietined rajKi oil dried in fortj'- 
eight hours, and olive oil w:is sticky after thirte(*n days. 

Titer Test. Under this rather misleading title is expres.sed the .soli<lifieation 
point of the fatty acids derivtsl from a fat or oil; it has nothing at all to do with 
titration, as might be ex[)ected. The test is extetjsively used for the ev.ahuition 
of fats, and according to the method ])rovisionally adopted by the Association of 
Official Agricultural Clhernists is carrh'd out as follows:* 

(a) Standard Tficrtnoniclcr. The th<‘rmom(‘t<'r must be graduatc<I iti tenth 
degrees from 10“ to 60°, with a zero mark, and h;ive an auxiliary res<'rvoir at 
the ui)ixir end, also one between the zero mark and the 10“ mark. The cavity 
in the ca|>illary tid)c between the zero m;irk and the 10“ mark must b<‘ at least 
1 cm. bel<»w the 10“ mark, the 10“ mark to be about 3 or 4 cm. abovt! the bulb, 
the length of the thermometer being about 1.5 in. over all. The thermometer is 
annealed for 7.5 hours at 4.50“ (’., and the bulb is of .Jena normal Iti'" glass, 
moderately thin, so that the thermometer Avill be (piick acting. The bulb is about 
3 cm. long and 6 mm. in diameter. The stem of the tlu*rmometer is 6 mm. in 
diameter and made of the best thermometer tubing, with scale etched on the stem, 
the graduation to be el(*ar-cut and distiiu’t, but quite fine. 

(/>) Determination. SaiM)nify 75 grams of fat in a metal dish with 60 cc. of 30% 
sodium hydrf)xi<le (26“ llaumf*) and 75 cc. of 95% (by volunaO alcohol or 120 cc. 
of wat(*r. lloil to dryne.ss, with constant stirring to i)revent .scorching, over a very 
low flame or over an iron or a.sbestos ]>late. Dissolve the dry snap in a liter of boiling 
w.ater, and if alcohol has been used, boil for forty minutes in onler to remove it, add- 
ing sufficient water to rejilace that lost in boiling. Add 100 cc. of 30% sulphuric 
acid (25“ Baum6) to free the fatty acids, and boil until they form a clear, truua- 
parent layer. W'ash with boiling water until free from sulphuric acid, collect in 
a small b<*aker, and place on the steam bath until the water has settled and the 
fatty acids arc clear; then decant them into a dry beaker, filter, using the hot- 
water funnel, and dry twenty minutes at 1(X)“ C. When dried, cool the fatty acids 
to 16 or 20“ C. above the exixjcted titer and transfer to the titer tube, which is 
25 mm. in diameter and 100 mm. in length (1 by 4 in.) and made of glass about 1 
mm. in thickness. Place in a 16-oz. salt-mouth bottle of clear glass, about 70 
mm. in diameter and 1.50 mm. high (2.8 by 6 in.), fitted with a cork, which is per- 
forated so as to hold the tube rigidly when in position. Suspend the thermometer, 
graduated to 0.1“ C., so that it can be used as a stirrer, and stir the mass slowly 
until the mercury remains stationary for thirty seconds. Then allow the ther- 
mometer to hang quietly, with the bulb in the center of the mass, and observe 
the rise of the mercury. The highest jxiint to which it rises is recorded as the 
titer of the fatty acids. 

Test the fatty acids for complete saponification as follows: 

* U. S. Dept of Agriculture, Bureau of Chemistry Bulletin No. 107, p. 135, 1907. 
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Place 3 c<*. in a test-tube and atid 15 cc. of alcohol (95% l>y volume). Bring 
the mixture to a boil and add an equal volume of ammonium hydroxide (0.96 sp.gr.). 
A clear solution should result, turbidity indicating uu-saponitied fat. The titer 
must be made at about 20° (.\ for all fats having a titer above 30° C. and at 10° C. 
below the titer for all other fats. 


References 

lleffter, (1. Tcchnologin (Icr Fc't.te, Oele, und Wach.sartcn flcs Pflanzcn un<l Ticr- 
rcichs. 4 volumes, llM)(i-f- 

Ubbelohde, L. (Jhcmio, Analy.se und (iewinnuiig der Oeli*, Pette uiid AVachse. 4 
volumes, ItKlS-f- 


EDIBLE FATS 

The.se include butter, lard and hardened oils. 

Butter is examiner! for water, fat, ash, curri, and salt; these are usimlly pre.sent 
in the following proportions; 


Fat. . 
Water. 
Salt. . . 
('uni. . 




Avithki* prr 


7.S. -DO 
f ). -‘.>0 
0 4 1.') 
O.l- 5 


.S2 

12 

5 

1 


These are determined as follows: weigh about 2 grams of butter into a i>lat- 
inum (looch crucible half filled with ignited fibrous a.sbestos, and dry it at 1(K)° C. 
to constant weight. The lo.ss is the amount of water. Dissolve out the fat by 
repeated treatmetit with petroleum ether and again dry to constant weight. 
The lo.ss represent.s the amount of fed. Ignite the crucible with a low flame or in 
a muffle, being careful not to volatilize the salt, \intil a light-gray a.sh is obtained. 
The loss represents curd and the residue aah. By extraction of t he ash with water, 
and neutralization with calcium carbonate, the salt can be titrated with silver 
nitrate. 

Examination of the Fat. Butter is adulterated with oleomargarine, ren- 
ovated butter, and cocoanut oil. The first may be detected by te.sting for 
cottonseed or sesamd oil either by the color tests or by the index of refraction; this 
at 25° is for butter 1.459-1.462, for oleo. 1.465-1.470. Owing to the fact that 
butter contains a large per cent of volatile fatty acids (butyric, caproic, caprylic 
and capric acids, in all about 8%), adulterants may be detected by deter minin g 
the amount of these. The process usually employed is that of Reichett modified 
by Meissl. 

Five grams of the clear fat, filtered through absorbent cotton, are weighed 
into a 25()-cc. round-bottomed flask and saponified by 2 cc. potassium hydroxide 
1 : 1 and lOcc.of 95%alcohol, undera return flow condenser for twenty-five minutes. 
The alcohol is rapidly evaporated off on the water bath until no odor of alcohol is 
perceptible. Add slowly 160 cc. of recently boiled distilled water which has been 
cooled to 50° or 60°; warm the fla.sk until a clear solution of the soap is obtained. 
Cool to about 60° and add 8 cc. sulphuric acid 1 : 4 to liberate the fatty acids. 
Drop into the flask two bits of pumice (about the size of peas) which have been 
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hentod and quoinrhed in wator, and tio in a woll-filtinj^ cork; warm Ihe flask 
until thn fatty aci<ls have incited and arc floating on llic^ li(|uid. Cool to about 
60® and attjicli tlio flask to a condenser, usinj^ a trap to jinivont the sulidiurhr 
acid from Immii^j; m(‘chanically carried over; J It) c(*. arc distilhul into a ji;raduated 
flask in as nearly thirty niimit('s as pos.sil)Ie. Thoroiij^hlj'' mix the distillate, pour 
through a dry filter, and titrate JOO cc. with \ 10 NaOlI, using jihenolphthalein 
as an indicator. Multiply the cc, of alkali ]»y 1.1 and calculate tluaii to 5 grams 
of fat. The Ihachert-Meissl value for hullca- is fn»m 2 1 to 84, the average is about 
28.8; cocoanut oil gives 6 S and otlu'r fats l(‘ss than 1. 

The jiroec'dure is a convcaitional oikj and should Imj followed as exactly as 
possible;. (k)coanut and other v<'g(‘table oils would lx; shown by the fact that 
the unsaponifiabh; mattcu- would contain j)hylo>tt‘rol; also by t lu; Polenske number.^ 
I{en(»vated butter is best shown i>y tin; ‘SSjHxui or Foam ''fest.'' 41iis con- 
sists in iiH'lting a third of a t(\aspoonrul of tlu' sainph* in a labl('sj)()ou ov(‘r a. small 
flame and stirring with a match. Incn^asc; tin; la^at until the fat boils briskly, 
stirring thoroughly several tinuss. Oleomargarine and naiovatc'd butter boil 
noisily, sputt<‘ring like a mixture of grivisc; and watcT and produce no foam. 
Butter boils with less noise and much foam sometimes rising ov(*r tlu* sides of the 
spoon. The pieces of curd in butter arc much smaller than in (*ith(‘r of the otlu'rs. 

Preservaiivea* benzoic, l)oric and salicylic acids, may be examiiuHl according 
to the procedure given in Woodman and Norton, “Air, Watca* and Food,”])!). 154 
and 196. 

Color may be detected according to Alhai, (VimuK'rcial Organic Anab^sis,'^ 
4th Ed., Vol. II, or Leach’s ‘‘ Food Analysis.’' 

Lard is adultorat(xI with waf(T, 2;V^<; Ix'ing add(xl in some cases, with cotton- 
seed oil or st<‘arine and b(*ef st('arine. 

Water is d(»t(‘rmin(‘d as witli buttia*; colitmsccd cil or sl(‘arine by th(* usual 
tests. It sliould be borne in mind, liow('VC‘r, that liogs fcxl on cottonseed meal 
yield a lard which will give; the llalphcai t('st as strongly as if it contained 2.)/^; of 
the ( il. Tlie icxline numix'r and the pn'sence of phytostcM'ol will confirm this 
test; the iodine number varies wid(‘ly according to the source of the fat, but in 
general it may be said it should be betwcxai 46 atid 66. 

B(*c‘f stearine is V(*ry difficult if not impossible of ch*t(H:tion. Fur this, reference 
may be had to Lewkowitsch, 5th lOd., Vol. II. 

HARDENED OILS 

As the name denotc^s, th(\s(; are oils which liavo Ixxai changed to more or 
less solid fats by the addition of hydrogen, in the j)n‘sence of a catalyst, usually 
a compound of nickel. This 1x4 rays their pri^sence and may be tested for as 
follows 

T(‘n grams of the fat are heated on the watcT bath with 10 cc. of hydnxjhloric 
acid (sp.gr. 1.12) with fre<iuent shaking for two or three hours. The fat is removed 
by filtering through a wet filter, rc'ceiving the filtrate in a porcelain dish; after 
partial evaporation of the filtrate 2 or 8 cc. of strong nitric acid are added and 
the evaporation continued to dryness to ensure the d(;st ruction of the organic 
matter. The residue is dissolved in a f<‘W cc. of disf ilhxl water, a few drops of a 

Z. Nahr. (lonussm., 7, 108, 1<K)4, also Leach. “Food Analysis." 

Kerr, J. Ind. and Eng. (.'hem., 6, 207, 1914. 
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1% solution f)f (liincthyl glyoxime in alcohol added, an<l a few drops of dilute 
ammonia. I'lio i)resenec of nickel is shown by the api)carance of the rcd-colorecl 
nickel dimethyl filyoxitnc. The amount of nickel can he deterinined colori- 
metrically by comparison with solutions containing known (]uantitie8. 

The quantity of nickel is very minute, not as much a.s the fats take up when 
cooked in nickel or nickeled tlishes and need cause no appn'hension. 

Hydrogenation dc‘stroys all the chara<!tcristics, particularly the color tests, 
by which the differen t oils may be sometimes detected. 

WAXES 

The8(\ as will be r(‘membore<l, contain no glycerine; the tests applied to them are 
the same as to the oils. The characteristics of the more commonly occurring waxes 
are given in the tabh>, j). (iOti; sperm oil, which is really a liouid wax, is included 
among the oils. 


MISCELLANEOUS OILS AND LUBRICANTS 


I’noiMarrr s ok Somk ok tiis jMiniouai. ()ii,s 


(III, 

*jra\ ity, 
Rniiin^ 
at K 


20 

I CO machine 

(>r!nik ciisc 

2(>-27 

2ti -27 

Transformer 

Turhiiiff 


Sj)iii(lle 


Tjoom 

2S 

no 

27 30 

(^yliiulor 

23-2 

( VlimlfT 

20 2S 


I 


* At 212® r. 


KI.tsIi 

XlsrriMly 


pfiint , 

i cSavKoln, 

1 at 7(1'^ F. 

FaJir. 

320 

i 100 120 


32r)-3r)0 

00-100 

0-4 

■too 

. 100 


:i M) :{S() 

400 

2.') 

420 

l<>0 


320 -:«>() 



3()U 

i 203 


•110 

i 100210 


rt2r, 

200 -.300 ♦ j 


400 nT.I 

1 



Belt Dressings are (1) mixtures of fats, waxes, degras or tallow with castor 
or fatty oils; (2) vulcanized c<irn or cotttniseed oil thinned with naphtha; (3) 
preparations containing wootl tar; or (4) preparations containing rosin, which 
is unde.sirable. Black <.ils, car oils, well » il or rediuicd oils are crude oils 
from which the naphtha.s and burning oils have licen sejxiratcd by di.stillation. 
Crank-case <,ils are pure mineral oils which emulsify but little with water. Mil- 
ling-machine or soluble < ils are lard, sulphonated oils or mineral oils held in sus- 
pension in water by soaps or alkalies, a.s t>orax or soda; the soaj)s used are either 
ammonium, sodium or )M)tas.sium with resin, oleic or sulphofatty acids. Rosin 
fiils are obtained by distilling or ‘‘running” rosin, each distillate being called a 
“ run ” and numbered according to the times it has been distilled. They oxidize 
quite rapidly and should not be used us lubricants except as soaps in lubricating 
greases. Screw-cutting oils are often mixtures of 27'' B6. paraffin and 25% 
fatty oil, preferably cottonseed, although lard oil was formerly used. Stainless 
oils are spindle or loom oils mixed with fatty oils — ^lard or neatsfoot. Transformer 
oils should be either pure mineral or rosin oils and as free as possible from water. 
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acid, alkali and sulphur. Turbine oils should be of excellent quality, free from 
acid and tendency to resinify, and low in sulphur. Watch < il is obtained from the 
porpoise, dolphin, or blackfish, where it exists in cavities in the jaw and in the 
brain or “ melon ” of the fish. Lubricating c, reuses are mixtures of soaps of palm 
oil, tallow or rosin oil (with lime or soda as ba.ses) with various oils or fats such as 
rosin, tallow or mineral oil. The best arc those made from tallow by saponifica- 
tion with caustic soda. They may also contain finely powdered talc or graphite. 
Non-fluid oils are oils or their greases stiffened with “ oil pulp ” or “dope,” i.e., 
aluminum olcate or palmitatc. 

The source, preparation and uses of the various oils and greases are described 
in Rogers and Aubert's Industrial C/heinistry, (Chapters XXII, XXIV, XX\' 
and XXVII. 

For the guidance of the analyst, the characteristics of the more frequently 
occurring oils are given, the usual figures being given in italic. 

The vegetable oils may be classified into 

DT3ring. Linseed, ( hinese wood, iM)ppysecd, sunflower and menhaden. 

Semi-drying. Corn, cottoiusced, sesamd, rape, black mustard and horse. 

Non-drying. Castor, almond, peanut, olive, cocoanut, palm, seal, cod-liver, 
elaine, lard, neatsfoot, tallow, sperm and whale. 



Almond 

1.4401 

13-14 



! 9-11.8 

/ 93. 5-96. S 

1 

Castor 

1.4540 

i 

i 

3 

i 86-88 

Chinese wood 



i 40-43.8 

1 31.2 

145-159.4 

Cocoanut 

1.4295 

24 -27 

j 15-20 

i 8.4-9 

Codlivor, Mc^dicinal 



i 

17- 18 (titer) 

164-171 

Corn 1 

— j 18-21.6 

1 14 10 

113-125 

Cottonseed j 

1 . 140 

1 34-40 

1 32-35 

105-112 

Klaiiie. 





Horse 1 

1 H7.5-89.5 

33.6-37.7 

84-87 

Lard ! 

1 

35 



Linseed i 

1.4540 1 

17-21 

13-17 1 

' _ . 1 

179 209.8 

Miadiaden j 

No finuresaVj 

ail.Mldo. 


Black Mustard j 

1.4005 at 20 "I 

9-17 1 

0 8 

108-126.5 

Neatsfoot 

. j 

28.5-29.8 

U)-2().5 

62-77 

1 

1 


(titer) 



Olive 1 1.4410 1 19-31 

17-21.6 

86-90 

Palm 

i — 1 •IT.T-WI 

1 ! 

i 36-46 

i U 

53.3 

Peanut 

1.4461 

j 27-35 

22-32.5 

95-103 

Poppyseed 

1.4506 

i 20 21 

16.5 

139 

llapc 

1.4491 1 10-22 

16-18 

99-105 

Seal 

— 11-33 

13-17 

186-202 

Sesam 

1.4461 23-32 

1 

18-26 

109-112 

Sperm 

— 

13-21 

16 

83-99 

Sunflower 

1.1531 

17-24 

17-18 

124 

Tallow 





Whale 

— 

14-27 

23-24 

130-132 
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Multiplying Factors to Reduce Saybolt Times to Engler Numbers or to 

Redwood Times * 


Saybolt. TimeH 
Seconds. 

Factor Saybolt 
Time to Kngler 
Number. 

Factor Say- 
bolt Time 
to Redwood 
Time. 

Saybolt Times 
Seconds. 

Factor Saybolt 
Time to Engler 
Number. 

Factor Say- 
bolt Time 
to Redwood 
Time. 

28 

0.0357 

0.05 

75 

0.0289 

0.86 

30 

.0352 

.95 

80 

.0286 

.86 

32 

.0346 

.94 

86 

.0284 

.86 

34 

.0342 

.04 

00 

.0282 

.85 

36 

.0337 

.94 

95 

.0280 

.85 

38 

.0334 

.93 

100 

.0279 

.85 

40 

.0330 

.93 

110 

.0276 

.85 

42 

.0327 

.92 

120 

.0274 

.84 

44 

,0323 

.92 

130 

.0272 

.84 

46 

.0320 

.91 

140 

.0271 

.84 

48 

.0317 

.91 

160 

.0269 

.84 

50 

.0314 

.90 

180 

.0268 

.84 

55 

.0308 

.90 

200 

.0267 

.84 

60 

.0302 

.89 

.... 


■ ■ . • 

65 

70 

.0297 

0.0293 

.88 

0.87 

il 

1800 

0.0267 

0.84 


1110 Englor number is the quotient of Engler Time divided by the water value 
of the instrument at 20° C. in seconds. 


Reagents 

The reagents used in oil analysis are few and easily obtained. A list and 
their method of preparation is here given. 

Aretic Avid, OlnviaL Baker and Adamson’s C. P. or Kahlbaum’s Eisessig," 
99.5 % pure. The determination of its strength should be made by titration and 
not by specific gravity, as the 98% and 80% a(M’d have the same specific gravity, 
1.007. The determination of the melting-point gives results equally good with those 
obtained by titration and requires less time.'-* It is made after the manner of the 
“ titer test (p. .598), the tube being half filled, chilled to 10 to 11° C., and further 
chilled by placing the outside bottle in ice-water; the temperature of the super-cooled 
acid rises to its melting-point, where it remains stationary for some time. The melt- 
ing-points of acids of various strengths are us follows: 

100%, 16.75° C.; 99.5%, 15.65°; 99%, 11.8°. 

For Hanus’s solution it must not reduc?c potassium bichromate and sulphuric acid. 

Acetic Anhydride. Baker and Adamson’s C’. P. or Kahlbaum’s Essigsaures 
Anhydrid.” 

Alcohol. Commercial Cologne Spirits.” For the preparation of alcohol free 
from aldehyde for alcoholic potash, cologne spirits are treated with silver oxide as 
follows: 1 J grams of silver nitrate are dissolved in 3 cc. of water, added to 1 liter of 
alcohol and thoroughly shaken; 3 grams of potassium hydrate are dissolved in 15 cc. 
warm alcohol and, after cooling, added to the alcoholic silver nitrate and thoroughly 
shaken again, best in a tall bottle or cylinder. The silver oxide is allowed to settle, the 
clear liquid siphoned off and distilh^d, a few bits of pumice, prepared by igniting it and 
immediately quenching under water, being added to prevent bumping. Alcohol 
for use in the free aci<l determination is prepared by placing 10 to 15 grams of dry 
sodium carbonate in the reagent bottle, taiung care to filter it before use. 

Alcohol, Amyl. Kahlbauin’s manufacture. 

lircmnne. The commercial article; also a N/3 solution, made by dissolving 26.6 
grams bromine in 1 liter carl>on tetrachloride. 

* Proc. Am. Soc. Test. Mat., 15, 1, 288, 1915. 

^Mcllhiney et al., J. Am. Chem. Soc., 29, 1224, 1907. 
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Calcium ChlorifJe, Tlie <lry and also the crystallized salt. 

Calcium Sulphate, PlastcT of Paris. 

Carbon Telrnchloride. Baker and Adamson's C. P. or Ivahlbaiiin's " Tctrachlor- 
kohlenstofT." 

Chloroform, Squibb's, U. S. P. 

Copficr, Cvopfier turnings or clippings, used for the generalioii of nitric oxide. 

Copper Wire, ("ut in i)ioccs of 0.3 to 0.5 gram. 

Eihtr. Squibb's, IJ. S. P. 

Gasoline. Clasolino, iiaiune. 

Hydrochloric Acid^ C. P. — Specific gravity 1.2. For N/2 HCl dilute 39 cc, of the 
above acid to 1 liter and standardize. 

Iodine Solution. Fifty grams of iodine to 1 liter of aL ohol. For Ilanus’s solution 
dissolve by warming 13.2 grains iodine in 1 liter glacial acetic acid; cool and add 3 cc. 
of bromine. 

Leatl Acetate. One hundred grams of the salt to 1 liter. 

Lnenurid. ''rhree grams per liter of dilute alcohol. 

Lnemoid Pa/wr. Unsized paper dipiied in above solution. 

lAtmus Paper. 

Mercuric Chloride. Si.xty grams of the salt to 1 liter of alcohol. 

Nitric Acid. Specific gravity 1.34. 

Phenol phthalein. One gram of the substance to 500 cc. of alcohol. 

Meta-Phosphoric Acid. A saturated solution of the commercial “ stick phosphoric 
acid ” in absolute alcohol. 

Potassium Bichromaic. Dissolve 3.8033 grams of the C. P. salt in 1 liter of water; 
1 cc. is equivalent to 0.01 gram of iodine. The solution should be tested against iron 
wire containing a known pcrcent^^e of iron. 

Potassium hydrate. N/2: Dis.solve 30 grams of potash by alcohol ” in 1 liter of 
alcohol. N/6: Dissolve 10 grains of “potash by alcohol “ in 1 liter of water and 
dilute to proper strength. The solution should be protected by “ stick potash " from 
the carbon dioxide in the air. 7'en per cent.: Dissolve 100 grams of “ stick potash '' 
in 1100 cc. of alcohol. 

Potassium lodate. A 2% solution. 

Potassium Iodide. One hundred grama of the commercial salt are dissolved in 1 
liter of water. This sliould be free from iodate, shown by yielding no coloration when 
acidified with strong TICl, 

Silver Nitrate. Thirty grams to 1 litcr+0.4 cc. ITNO 3 . 

Sodium. 

Sodium Chloride. Ordinary “ coarse fine ” salt for freezing mixtures. 

Sodium Hydrate. 36® Baumc. Dissolve 300 grams of caustic soda in 1 liter of water. 

Sodium Nitroprusside. The commercial salt. 

Sodium Thiosulphate. N/10: Dissolve 26 grams of “sodium hyposulphite" in 
1 liter of water. See page 204. 

Starch Solution. Bub up in a mortar 1 gram of potato starch, with 10 to 15 cc. of 
water, pour this into 200 cc. of water which is boiling actively, and continue the 
boiling for a few minutes. 

Sugar, Ordinarily granulate<l sugar. 

Sulphur. A 1-5%'/ solution in carbon In.sulphide. 

Sulphuric Acid. C. P. This shotdd be at least 99.5% pure, and its strength be 
determined by titration, as 100% and 94.3% acid have the same specific gravity. 

IXlutc. One part acid to ten parts water. 

Nitrosulphuric Acid, for the Kl.aidin Test. A liter of sulphuric acid of 46® Baum<"' 
(1.47 specific gravity) is prepared by diluting 560 cc. commercial sulphuric acid to 
1 liter; a few drops of nitric acid are added and nitric oxide (generated from copper 
and nitric acid) ]>assod in until it is saturated. The acid is then cooled in ice-water 
and the gas passed in until it is saturated at 0® C. This is called Roth's liquid. 

The author wishes to acknowledge his indebtedness to Mr. Thomas T. Gray 
for his careful review of this chapter. Mr. Gray's broad experience in petroleum 
products as CUiief (3ieinist of Tidewater Oil Company, makes his criticism and 
suggestions of special value. 

^ Richmond, J. Soc. Chem. Ind., 0, 479, 1890. 



ANALYSIS OF PAINTS 


HENUY a. ((AUDNICrt^ AND JoHN A. SrilAKKKEn * 


In reporting the results of an exainination of a paint, it is advisable to give 
all the analytical data as well as a r^sum6 showing the probable composition of 
the paint. This is sliown in the following example: 

Results op Analysis 


Total Pigments or Solids fiO% 

Total Vehicle or Tiiquids -It) 


Analysis of Pigment Portion 


Lead Oxide (PbO) '67.47% 

Zinc Oxide (ZnO) 44.50 

Alumina, iron, lime 2.90 

Magnesia (M^) 1,90 

Silica (SiO,) 4.63 

Carlmn Dioxide (CO 2 ) 2.50 

Sulphuric Anhydride (SOi) 5.02 

Water (combined) 73 


99. 15% 

Analysis of Vehicle Portion 
Vehicle contained 20% volatile matter. 

Volatile matter consisted of equal parts of turpentine and mineral spirits. 
Non-volatile mutter had : 

Iodine Numlxir 175 

Acid Number 2.4 

Saponification Numlicr. 188 

and contained .02%i ash consisting of lead and manganese oxides. 


Probable Composition of Paint. 


Pigment 60% 

Liquid 40 


Pigment 

Ra.sic Carbonate — White Jjcad 

IJasic Sulphate — While Lead 

Zinc Oxide 

Asliestine 


22 % 

25 

43 

10 


Liquid 

Raw Linseed ()il 

Mineral Spirits 

Turpentine and Drier 


100 % 

80% 

10 

10 


100 % 

' Assistant Director, The Institute of Industrial Research, Washington, D. C. 
* Chief Chemist, Pilcher lA?ad ('o., Joplin, Mo. 
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ANALYSIS OF PAINT VEHICLES 

Composition of Liquid Part. The vehicle or liquid portion of paints may con- 
tain various fixed animal, vegetable or mineral oils, oleo-resinous varnishes, tur- 
f)cntine, mineral distillates, benzol and driers. 

It is always advisable to determine the total percentage of liquids in a paint. 
The container should be thoroughly shaken so that the contents will be uniform 
throughout. A jxjrtion of 4 or 5 ounces may then be removed and placed 
in a screw-cap bottle. The original can of paint should then be set aside so that 
settling of the pigments will take place. Unless the paint is in |iaste form, this 
will usually be accomplished in twenty-four hours. A portion of the clear liquid 
floating over the pigments may then be removed and directly examined as out- 
lined under Se])aration of Vehicle C^omfioncnts. 

Percentage of Liquid by Ignition Method. The percentage of vehicle in the 
uniform sample of paint previously obtained may be found by placing a weighed 
portion in a |)orcclain crucible and slowly igniting it to burn olT the organic con- 
stituents. By carefully regulating the heat, the oil and volatile thinners will be 
slowly burned off, leaving the pigment behind, which may then be weighed, cal- 
culating the vehicle by difference. This method is a rapid one and w'orks well 
with some pigments. When pigments are present which show an apj)rcciable loss 
on ignition, or blacks or blues, this method is not to be relied U|K>n. 

Percentage of Liquid by Extraction Methods. AnotluT good method of sepa- 
rating the vehicle from a paint is to place a portion in a large tube, adding a con- 
siderable quantity of benzol, |X!troIeum ether, or that portion of gasoline distilling 
below 120“ C., 8ubsc<iuontly centrifuging. Pigments which settle slowly are 
thrown down very rapidly by this method. The proce.s8 is reixjuted three or four 
times ill order thoroughly to free the pigment from oil. After drying, the pigment 
is weighed and the ix'rccaitage of vehicle determiiuid by difference. In case a 
centrifuge is not available, the vehicle of many paints may l>c separated by simply 
shaking a portion of the paint in a long test-tube with Ik'IizoI, allowing the pigment 
to settle, repeating the extraction until the oil is thoroughly removed. 

Some oiierators havi; from time to time used a Koxhiet extractor for the deter- 
mination of the vehicle of a paint. This method is rather slow and does not 
always give satisfactory results. 

It must be remembered that no method of extraction of the oil from a paint 
will give absolute results. The la.st traces of oil cannot be removed from the 
pigment, which is pnibably due to the fact that many pigments such us lead and 
zinc react with the oil, producing small quantities of insoluble soaps which arc 
not tomplctely dissolved by the solvent. 

In the extra<*tion of paints, the <‘hoicc of a solvent is inqiortant. When benzol 
(00“) is not available, it may bt; replacetl by gasoline that has been redistilled, 
using the light fraction coming over below 1 20“ ( ’. This cannot be used, however, 
when varnish resins other than rr)sin arc present, as they arc insoluble therein. 

There are some pigments which by reason of their low specific gravity, col- 
loidal nature or partial solubility can never bo completely separated from oil, 
either by settlmg, centrifuging or extraction. Of these the most commonly 
met with are lampblack and other forms of carbon, zinc oxide and Prussian blue. 
C'olloidal pigments such us zinc oxide arc very troublesome in this resixjct. When 
these pigments, how'ever, are present in a paint in considerable iiercentagc, the 
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difficulty of their separation may be avoided by adding to the paint throe or four 
times its volume of fuller’s earth, diluting the mixture in a large test-tube with 
gasoline or petroleum ether and either centrifuging nr placing in a rack to settle. 
The fuller’s earth carries down the colloidal pigments and the separation is sharp 
and easy. This method, of course, is simply used to extract the vehicle present. 
The pigment resulting from the separation cannot be used for analysis on account 
of admixture with the fuller’s earth. 

In some cases the pigments in pa.stc colors made of lampblack and Pnissian 
blue cannot be separated from the vehicle portion. The amount of Prussian blue 
present, however, may be det-'miiued by making a Kjeldahl-( lunning determina- 
tion on a portion of the entire paint, multiplying the nitrogen found by 4.4. For 
the determination of the lampblack present, a portion of the oTjtire paint may lie 
boiled with an excess of alcoholic potash until all of the oil is saponified. The 
mixture is then dccatited through a filter and washed, first with hot alcohol and 
then with hot water. This affords a very good separation of the vehicle from the 
pigment of such paints. By this method, the PrussLan blue which may be present 
is partmlly dc'stroyed, the iron content remaining admixed with the black pig*"* 
incut on the filter. 

Separation of Vehicle Components. Whenever possible, it is ailvisable to 
determine the con.«<tituents of the vehicle upon that sample that has lieen removed 
from the top of the settled can of paint. A weighed jiortion of this vehicle may be 
placed in a tarod flask and attached to a Ijebig condenser. Heating to 180“ C. 
or lower will drive off nearly all the volatile constituents. The comimsition of the 
distillate may be determined by the methods given under Hie Examination of Tur- 
pentine. A portion of the residue in tlic flask, which consist.s of oil, tlriors, gums, 
(*tc., may be transferred to a crucible and ignited. The residue may then lie 
weighcil and calculated to ash. The ash should be analyzed for lead, manganese 
an<l other driers. 

Another portion of the original vehicle may be evaporated in an atmo.spherc 
of COj (prevents oxidation) to remove the volatile constituents. A portion of the 
oil residue may then be examined for iodine numlx'r and other constants. In some 
instances it would lie advisable to make a sajxuiification and extraction of the 
fatty acids from this residue, determining the iodine numlx*r on the fatty acids. 

Water. For a direct determination of the percentage of water in a paint, the 
analyst may place a weighed quantity (approximately 100 grams) of the paint in 
a metal still, mixing it with an c(|ual quantity of sand. Distillation will drive off 
the water and other volatile constituents which will separate into two layers in the 
graduate. 

Direct Distillation for Volatiles. For a direct determination of the volatile 
constituents in a paint, a sample may be distilled in vacuo. This is easily managed 
wherever a vacuum pump is available and avoids the necessity of overheating the 
oil. When distilling by this method, a sample of the clear vehicle from a settled 
paint, in order to obtain the fixed oils for analysis, it should not l>o heated above 
150“ C. and neither should the solvent be volatilized in such a way as to allow the 
oil to lie in contact with air, as it will oxidize rapidly while warm and its iodine 
numl)er bo very much lowered. The volatile may also be separated by steam dis- 
tillation. 

Detection of Resinates. To determine whether the drier in a paint is of the 
resinato type or linoleatc type, a few dro])8 of the oil vehicle may be mixed on a por- 
celain plate with one or two drops of acetic anhydride, subsequently adding a 
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drop of sulphuric acid. Upon the addition of the sulphuric acid, a flash of purple 
color, turning to dark brown, will be shown where rosin is present. If rosin should 
be present in the vehicle to a considerable extent, the oil will have a very high acid 
number. The approximate percentage of rosin present may be determined by 
shaking n portion of the vehicle with 95% alcohol in a separatory funnel, sub- 
sequently separating the alcoholic extract, evaporating and weighing the residue. 

Detection of Various Oils. Chinese wood oil may be detected in the vehicle 
I\V mixing the oil with an equal volume of a saturated solution of iodine in petro- 
If um ether, allowing the mixture to stand in direct sunlight. Under these condi- 
tions, a peculiar, insoluble, spongy ixilymer of one of the fatty acids of Chinese 
wood oil is shown. Fish oil can usually be detected by its odor and the dark red 
color during saponification. The presence of soya bean and other vegetable oils 
is in some ca.ses difficult to iletoct. The iodine numbers of these oils, however, are 
all lower than that of linseed oil. It must be remembered, however, that the 
iodine number of boiled lin.seed oil is lower than that of raw oil and that the iodine 
number of oils extracted from many paints is usually lower than shown by the 
o*''ginal oil. In the pre.sci):‘c of considerable quantities of drier, it is always 
advisable to extract the fatty acids from oil and make the iodine determination 
upon them. 

1’lie distillate from the paint vehicle may consist of turpentine, mineral dis- 
tillates, benzol and similar solvents. The presence f)f benzol is readily detected 
by adding a few drops of the di.stillatc to a small quantity of a mixture of con- 
centrated nitric and sulphuric acids. Upon heating this mixture, the character- 
istic* odor of nitro-benzol will be recognized if benzol is present. Mineral dis- 
tillate's from p<!troh‘um are easily detected by the polymerization method given 
under the Examination of Turpentine. 


ANALYSIS OF PAINT OILS 

Although linseed oil is used to the greatest extent in paints, some other oils 
find use in the manufacture of special paints. The following have l>een used 
for this purjiose: soya bean, perilla, corn, cotton.sced, .sunflower, lumbang, and 
similar v<'getable oils; menhaden, herring, and similar marine animal oils of rela- 
tively high iodine numl)er. All of the above named oils may l>o analy. cd by 
applying the test for specific gravity, acid number, saiH>iiifieatiun numl)er, un- 
sn|)onifiable matter, and refractive index, sis outlined for the analysis of C'hincse 
wood <»il. The iodiiu* numliers of these «uls arc, however, better determined with 
llanus .solution, acconling to the following method; 

Iodine Number. Weigh in a small glass capsule from 0.2 to 0.3 gram of oil, 
transfer to a r)00-cc. bottle having a well-ground stopper, dissolve the oil in 10 cc. 
of chloroform and add 30 cc. of llanus .solution; let it staTid with occasional shak- 
ing for one hour, a<ld 10 cc. of a 10 jjer cent solution of potassium iodide and 1.50 
<*c. of wat<;r, and titrate; with standard sodium thiosulphate, using starch as indi- 
cator. Blanks must, be; run ca<*h time. From the difTen;nce between the amounts 
of sodium thiosulphatt; reeiuiretl by the blanks and the determination, calculate 
the iodiiu' number (centigrams of iodine to 1 gram of oil). The iodine numlier of 
raw liii.siHHl oil varies from 17.5 to 193. Make the Hanus solution by dissolving 
13.2 grams of iodine in lOtX) cc. of glacial acetic acid which will not reduce chromic 
acid, and adding 3 cc. of Imnnine. 
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Analysis of Chir ese Wood Oil (Tung Oil) 

The analysis of Chinese wood oil requires the application of several tests not 
used for the examination of othc oils. There is presented herewith a complete 
outline for determining not only he regular constants of oils, but the additional 
tests that have been adopted foi the identification of pure tung oil. These tests 
constitute the recommended methods of Sub-Committee III of C’ommittee D-1 
of the American Society for Testing Materials, of which one of the writers is 
chairman. 

Specific Gravity. Use a pyknoinetcr accurately standardized and leaving a 
capacity of at least 25 cc., or any other equally accurate method, making the 
test at 1.')“.5 (J., water l)eing 1 at 15“.5 C. 

Add Number. Weigh JO grams of oil in a 200-cc. lOrlenmcyer flask, add 
50 cc. of neutral ahjoliol, connect with a reflux air condenser (or place small 
funnel in neck of flask), and heat on a steam bath for one-half hour. Remove 
from the bath, cool, add phenolphthalem, and titrate the fn‘o acid with N/*'’ 
sodium hydroxide. (Jaiculate as the acid numlier (milligmms of potassiunl 
hydroxide to 1 gram oil). 

Saponification Number. Weigh from 2 to 3 grams of oil in a 2(H)-(;c. lOrlen- 
meycr flask, add .‘JO cc;. of a N/2 alcoholic solution of ])otassiiim hydroxide, connect 
with a reflux condemser, heat on a steam bath for one hour, then titrati! with N /2 
sulphuric acid, using phenolphthalein as indicator. Always run two blanks with 
the alcolmlic potsush. From the difference lustwcen the numlwr of cc. of acid 
required by the blanks and the determinaliuns, calculate the saiK>nifl cation 
numlier (milligran's of {Kitassium hj’dnixide to 1 gram of oil). 

Unsaponi^ble Matter. I'o 2.5 grams of oil add 1.5 cc. of an a(]ueous solution 
of KOil (2(K) grams of KOII dissolved in water and made uj) to 3(X) cc.) ami 35 
cc. of 95% alcohol. ( ’unnoct with a reflux condenser and heat on the; water 
bath for one hour with oc<;iisional shaking. Transfer to a separatory funnel ci»n- 
taining a little water and wjish out flask with water, using in all 1‘25 cc. Cool, 
add 200 cc. of ether ami shake vigorously for one minute. In a few minutes the 
ether solution will seiKirate ixjrfectly clc*ar. Draw off the soap solution into 
another soimratory funnel. Shake the soap solution with three l(K)-cc. portions 
of ether. Unite all the other jxirtions and. wash with three 30-cc. jK>rtions of 
water. Filter the ether solution (small jMtrtions at a time) into a tared flask, 
distill off the other and dry fla.sk and contents to constant weight at 9.5 to 100** (*. 
in a steam ov(!n. Report the percentage of unsa{)onifiabln matter. 

Refractive Index. Use a properly standardized Abb5 refractometer at 25® C. 
or any other equally accurate instrument. 

Iodine Number (Hfibl). Place a small quantity of oil into a snuill weighing 
bottle or beaker. Weigh carefully. Transfer by dropping from 0.2 to 0.3 gram 
to a 500-cc. bottle having a well-ground stopixjr, or a specially flanged neck, 
iodine-test Erlenmeyer fla.sk. Reweigh the weighing bottle or beaker to deter- 
muie the amount of oil used in the test. Then dissolve the oil in 10 ce. of chloro- 
form and add an amount of Hfibl solution containing twice the amount of iodine 
that will be absorbed by the oil. Htopper the flask, shake well, and place in a 
dark closet for eighteen hours. Add 10 cc. of a 10% solution of potassium 
iodide and 1 00 cc. of distilled water. Titrate with N /1 0 sodium thiosulphate, using 
starch as an indicator. Blank tests must be made. From the difference between 
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the amounts of sodium thiosulphate required by the blanks and the determination, 
calculate the iodine number (centigranus of iodine to 1 gram of oil). 

On account of the fact that IlUbl solution after preparation is apt to deteri- 
orate in strength, it is considered advisable to have prepared the two component 
parts of HiLbl solution, namely, a solution of mercuric chloride in alcohol and a 
solution of iodine in alcohol, of the pro{)er strength, as outlined in text-books. 
The proper amounts of these solutions may be mixed on the day of use. 

Heating Teat (Browne’s Method). Test-tubes for containing the oil should 
be 16 cm. by 15 nun., with a mark near the bottom to indicate 5 cc., and 
closed, by a cork so perforated that a glass rod 3 mm. in diameter can move 
freely. 

Fill a copper beaker (height 12 cm.; internal diameter, 6 cm.) with cotton- 
seed oil to a height of 7.5 cm. Place a thennometer so as to be 1.5 cm. from 
the bottom of the bath. 

Use a nitrogen-filled, inxmersed-stem chemical thermometer, engraved stem; 
total length 4 to 4^ ins.; graduated from 210 to 310° C. in 2° intervals; the length 
between 210 and 310° C. not less than 2^ ins. If preferred, use emergent-stem 
uiermometer 30 cm. long, with graduations from 100 to 400° C., making cor- 
rection for emergent stem according to the method outlined in Stem Correction 
Sheet No. 44 of the U. S. Bureau of Standards. 

When the bath temperature is 203° C. (.560° F.) and very slowly rising at 
this point, i)laco the tube containing 5 cc. of the oil to be tested so that its bottom 
is level with the lowest jMirt <if the bulb of the thennometer. Note the time, 
remove the source of heat for about forty-five seconds and then reapply. Before 
two minutes have elapsed the temperature of the bath will have fallen to 282° C. 
(540° F.), at which jxiint it should be kept tus steady as possible. When the wood 
oil has been in the bath about nine minutes, raise the glass rod at intervals of 
one-half ininut<;, and when the rod is firmly set note the time. As setting or jelly- 
ing takes place within a few seconds of fiuidity, a good end-determination is 
afforded, llemove the specimen at once, heat the bath again to 293° C., and 
repeat the experiment with another {mrtiou of the sample. 

No stirrer is used in the bath. A screen around the bath enables the tem- 
perature to be more easily rea<‘hed. When the cotton-seed oil has become tarry 
and viscid, it should l)e renewed; otherwise heating may be irregular. 

Iodine Jelly Test. In a wide-necked 2(X)-cc. 10rlenme3'er flask, place 2.5 
grams (weight correct to 1 milligram) of the oil. Add 10 cc. of chlorofonn from 
a pipette and stopixir the flask immediately. Carciully insert a small glass vial 
into the flask m that the vial stands upright. Into the vial from a pipette run 
10 cc. of a .solution of iodine in chloroform, containing 0.(Ki5 to 0.03(5 gram of 
iodine ]jer cc. Place the flask in a bath containing water at 2,5 to 26° C. and 
allow it to stand there for a few minutes. iCeep the flask stoppered, except when it 
is neces.sarj' tc) remove stop])er to insert the vial and to acUl the iodine solution. 
Tilt and rotate the flask so that the vial is upset and the contents of the fla.sk 
are thoroughly mixed, at the same time starting a stop-watch. Keep the flask 
in the bath at 25 to 26° C. and at the end of every quarter minute tilt the flask 
towards a horizontal position. Note the time required for the formation of a 
jelly that does not flow, but sticks to the bottom of the flask or slides as a mass. 
Record time in minutes and quarters thereof. Pure Chinese w(M>d oil should 
require 2} to 3i minutes for the formation of the jelly. If the temperature of the 
latmratory is more than 2 or 3° C. above or below 25° C., place the flask contain- 



PAINT AND PAINT PIGMENTS 


615 


ing the iodine solution in the bath and allow it to remain there for several minutes 
before pipetting out the 10 cc. for the test. 

A convenient procedure for preparing the iodine solution is as follows: 
Treat an excess of iodine with warm chloroform and after shaking for a few 
minutes cool the contents to about 20® C. and filter through glass wool. Pipette 
10 cc. of the solution into a fiask containing 10 cc. of 10% potassium-iodide 
solution and titrate with 0.1 normal sodium-thiosulphate solution. Calculate 
the iodine content and dilute with chloroform so as to obtain an iodine content 
of 0.035 to 0.036 gram per cc. After dilution, titrate again against the thio- 
sulphate to be sure that the solution is of required strength. 

All the details of the above method must be followed exactly. 

The chloroform used to dissolve the oil and to prepare the iodine solution must 
conform to the requirements of the U. S. Pharmacopoeia and must have a specific 
gravity at 23/25® C. of not more than 1.481 and not less than 1.480. The proper 
density ran be obtained by washing with water if the specific gravity is too low, 
or by adding 95% ethyl alcohol if too high. 

Standards for Chinese Wood Oil, A. S. T. M. 

Raw C-hincso wood oil should confonn to the following requirements; 

Maziniurii. Mininiuni. 


SijCcific gravity at ^ 0 . 943 0 . 939 

Xo .O 

Acid number 0 

Saponifiration luunbcr 19.3 190 

IJnsaponifialdo matter, per cent 0.75 

Refractive index at 25“ C 1 . 520 1 . 515 

Iodine number (Hiibl eighteen liours) 165 

Heating test (Rrowne’s method), minutes 12 

Iodine jelly test, minutes 4 


Constants of Various Oils. The constants exhibited by some of the semi- 
drying and drying oils that have been used by one of the writers (CJardncr) in 
makuig paints and pauit tests are shown below. There are also given here- 
with the standards for raw and boil d lin-seed oil j)re.sscd fn»m North American 
seed. Similar oils expressed from South American seed will generally show like 
constants, except for the iodine number, which will generally range from 170 
to 180. 
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Constants of Various Oils 



Sp. Gr. 

Iodine No. 

Sapon. No. 

Acid No. 

Refrao. 

Index. 

Raw Linseed Oil 

.931 

186 

188 

2.0 

1.4867 

Soya Bean Oil 

.924 

129 

189 

2.3 

1.4813 

Menhaden Oil 

.932 

158 

187 

3.9 

1.4850 

Raw Tung Oil 

.944 

166 

183 

3.8 

1.5050 

Perilla Oil 

.94 

200 

188 

2.0 

1.4874 

Perilla Speeial 

.94 

192 

189 

3.2 

1.4978 

Heavy llodied I-iinseed Oil 

.968 

133 

189 

2.8 

1.4966 

Lithf)graphic Linsc'ed Oil 

.97 

102 

199 

2.7 

1.4978 

Whale oil 

.924 

148 

191 

9.2 

1.4820 

Boiled Linseetl Oil 

.941 

172 

187 

2.7 

1.4895 

(Linoh^ate Drier) 






Corn Oil 

.921 

124.8 

100-1 

1.1 

1.4800 

(.\jtt«)nsc‘ed Oil 

.920 

111.7 1 

194.3 

0.9 

1.4781 

Rosin Oil 

.964 

68.9 ' 

35 . 5 

32 4 


Tn‘atecl Tuns Oil * 

.882 

.•>6.4 1 

101.3 

7.7 

\A7M 

Luiubang Oil 

.927 

152 1 

189 

1.0 

1.4780 

HXn (lower Oil 

.924 

124.6 : 

189.3 

7.5 

1.47JK, 

llernpseed Oil 

.927 

149.4 

191.1 

3.9 

1.4822 

Shark Oil 

.910 1 

1.32.8 ■ 

I5S.9 

5.2 

1.4815 

Sanliiie Oil 

.919 ' 

1.34.6 i 

177.3 

10.4 

1.4800 

Petroleum Mixing Oil 

.8.11 ! 

28.2 ' 

52 9 1 

1 1 

1 . 4773 

Boiled Linsoe<i Oil 

.936 1 

181.2 

1S7.() i 

7.3 

1.4895 

(Resiiiate Drier) 

1 


1 



Peanut Oil 

.932 

102.2 1 

LSS.O ‘ 

i 

2.2 

1 

1 4790 


li<)ilc‘(l lins('(»(| oil from North Amcriciiii 
rcMluimuoiits, A. S. T. M.: 

Specific, jyravity at C 

Arid iHimbrr 

Sai)onifiontion iiuiii))rr 

lTiisa])oiiifiahIo matter, p<T rent 

Ri'frartive index at tio*® 

Iodine luitnher (llaniis) 

Ash, per rent 

JVIaiiKanese, ])er cent 

C'uleiuin, per cent 

Lead, per cent 


seed should conform to tlio following 


^luxiiinini. 

o.9ir> 

s 

iDo 

1 r> 
1.48t 


0.7 


0.3 


Miniiiniin. 

0.937 


189 

1.479 

178 

0.2 

0.03 

0.1 


Raw linsecMl oil from North American seed should conform to the following 
leiiuirements, A. S. T. M.: 


S|>oeifir gravity at 
or 



Maximum. 

Minimum. 

15°.5 

15 ".5 ^ 

0.936 

0.932 

25“ ^ 

25° ^ 

0.931 

0.927 


6.00 



Arid nuinher. . 

Sapoiiifiation number 195 189 

IJnsaponifiablo matter, jK^r cent 1.50 

Refractive index at 25® (J 1 .4805 1 .4790 

Iodine number (llanus) 180 

* Contained 30% volatile matter, largely high boiling-point petroleum spirits. 
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Examination of Turpentine 

Recommended Methods of the A. S. T. M. 

Color. Fill a 200-mm., perfectly flat-bottom colorimetric tube graduated in 
millimeters to a depth of from 40 to 50 nun. with the turpentine to be examined. 
Place the tube in a colorimeter and place on or under it a No. 2 yellow lA)vibond 
glass. Over or under a second gniduated tube in the colorimeter, place a No. 1 
yellow Lovibond ghiss and run in the same turiientine until the color matches 
.'VS nearly as possible the color in the first tube. Head the difference in depth 
of the turpentine in the two tubes. If this difference is 50 nun. or more the 
turpentine is “ Standard ” or better. 

Specific Gravity. Detcnrjne sixjcific gravity at .any convenient tempeniturc 
with a plummet, tlie displaceiiumt of W'hich has l)con accunately detennined for 
that t' .iieraturc, or by an eviually accurate method, using the factor 0.00082 
for each degree centigrade that the temperature of detennination differs from 
15V) C. 

Refractive Index. Determine njfractive index at any convenient tempera-*' 
ture with an accuratv? instrument, and calculate the results to 1.')"..') C., using the 
fa«'tor O.OOOl.*) for each dcigree thet the tem])erature «)f determination differs from 
]5°.5(:. 

Distillation. Use an ordinary JOngler flask ajid condenser,* and heat the 
flask by phicing it in a glyeeriiHi or oil bath of the general ty|)e described in 
Bulletin No. 135, Bureau of ('hemistry. Fit the flask with a thenuometer reading 
from 1‘15 to 200° O. in sm*h a way that the mercury bulb shall be opiM)sitc the 
side tube of the flask and the 17ii° nuirk below the cork. Jdaee KM) ee. of the 
turixmtinc to be examined in the flask, connect with the <'ondenser, insert stopper 
be.aring thermometer, and heat until distillation of the tur])enlinc begins. Con- 
duct tlie distillation so that the distillate passes over .at the rate of 2 drops per 
.second. Note the initial distilling temperature and the percentage distilling 
l)elow 170“ ('. 

Polymerization. Place 20 (•<;. of exactly 38/N (1 00.92 per v'cnt*) sulphuric acid 
in a graduated, narrow-neck Babcock fl.isk, stopi)ercd, and ])laco in ice-water 
and cool. Add slowly .5 ce. of the turpentine to be tested. Gradually mix the 
contents, cooling from time to time, and not all()wing the tem{K>rature to rise alwve 
about 00“ C. When the mixture no longer warms up on shaking, agitate thor- 
oughly and j)lacp the bottle in a water bath and heat from 60 to 65“ (3. for about 
ten minutes, keeping the contents of the fhvsk thoroughly mixed by vigorous 
shaking five or six times during the period. Do not stopper the flask after the 
turpentine has been added, as it may explode. Cool to romn tempcniture, fill 
the fla.sk with concentrated sulphuric acid until the unpolymerized oil rises into 
the graduabid neck. Centrifuge at about 1200 R.P.M. from four to five minutes, 
or allow to stand for twelve houns. Read unpolymerized residue, notice its con- 
sistency and color, and determine its refractive in^cx. 


» Stillman, “ Engineering Chemistry,” p. 503. 
*4% free SO,. 
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Standards for Turpentine, A. S. T. M. 

Turpentine should be clear and free from suspended matter and water, and 
should confoim to the following requirements: 

The color shall be ** Standard ” * or better. 

The specific gravity shall be not less than 0.862 nor more than 0.872 at C. 

The refractive index at 15‘’.5 C. shall be not less than 1.468 nor more than 
1.478. 

The initial boiling-point shall be not less than IfiO nor more than 160** C. 
Ninety per cent of the turpentine shall distill below 170'* C. 

The polymerization residue shall not exceed 2% and its refractive index at 
15^.5 C7. shall not be less than 1.500. 


ANALYSIS OF VARNISH 

The testing of vaniish should largely be of a physical nature. Such properties 
* as odor, consistency, clarity, flowing, time of drying, character of finish, hard- 
ness, resistance to moisture and abrasion, elasticity, etc., pf)int out the real value 
of a varnish. Chemical tests that give additional information, sometimes of a 
valuable nature, are as follows: Flash point, acid number, ash, character of sol- 
vent, fixed oil and resins. 

Flash Point. A nickel or iron crucible of 60 mm. diameter and 40 mm. height 
is filled with the varnish to within 20 mm. of the top. It is then supported in a 
water bath in such a manner as to be about two-thir<ls immersed in the water. 
The water should be from 15“ to 20“ C. at the start and should be heated slowly 
so that the tem|x;nvture of tho varnish, as indicated by a thermometer suspended 
in it, will show a rise of aljout 1 degree per minute. Test for flash at each half 
degree, using a very small flame. 

Acid Number. Ten to 20 grams of the vamush arc weighed into a small 
Erlcnmeycr flask, 50 cc. neutral alcohol added, and a small funnel inserted in the 
neck. Heat on the water bath for one-half hour, with occasional shaking. Allow 
to cool somewhat, add two drops of phenolphthalcin inditrator and titrate with 
tenth-nonnal jwtassium hydroxide solution. The acid number is the number of 
milligrams of KOII require<l to neutralize each gram of the varnish. 

Ash. Weigh in a {M)rcclain or fused silica crucible several grains of the varnish. 
Burn off over a small Bunsen flame, using great caution to avoid boiling over and 
spattering. When all combustible matter is destroyed, weigh the ash and if 
desired analyze it. 

Solvent. Steam distillation of a portion of the varnish will remove the sol- 
vents, leaving a residue of fixed oils and varnish resuis, which may bo weighed 
after driving off the water. The distillate should be examined as recommended 
under Methods for the Examination of Turpentine. The amount of mineral 
spirits and turpentine may thus be determined. 

Fixed Oils and Resins. In tho above determination, the total amount of fixed 
oils and resins is obtained. It is a difficult matter, however, to determine the exact 

* The tenn “ .Standard ” refers to the color recognized ns standard by the “ Naval 
Stores Trade.” Turt>entine is of ” Standard ” color when a depth of 50 mm. in a per- 
fectly flat polished bottom tube, approximately matches a No. 1 yellow Ixivibond 

glass. 
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AUd ehftracter of resins that have been used in the manufacture of the 
.van^di. This is due to the fact that during the process of heating oils in the 
presence of resins many intricate chemical changes are brought about, a con- 
siderable portion of the resins being distilled off in the form of vapors and com- 
binations of the oil brought about that are difficult of separation. One of the best 
methods, however, of separating the fixed oils and varnish resins is carried out in 
the following manner. 

A portion of alx>ut a half ounce of the varnish resin should bo placed in a 300-cc. 
tared beaker. There should then be added about 200 cc. of ice-cold petroleum 
ether and the beaker should be covered and allowed to stand, preferably in a dish 
containing ice. In an hour’s time the resinous ingredients will be found prccipi- 
ta'ed at the bottbm of the Ixsaker or adhering to the side thereof (with the ex- 
ception of rosin, which is largely soluble in petroleum ether). The precipitated 
resins should be washed with fresh portions of cold petroleum ether two or three 
times, pouring the de<*anted portions into a large lx>ttle. The combined jxirtions of 
petrwioum ether may then be filtered through a tared filter, adding by the aid 
of a stirring rod the resins contained in the beaker. The filter paper and the beaker 
with the resins may then be dried at 100“ C. an<l weighed. The combined filtrates 
may be distilled to obtain the fixed oil which may Ijo examined for constants. 
(This fixed oil may contain rosin.) The amount of rosin contained in a varni.sh 
may las roughly ascertained by thoroughly shaking in a separatory funnel a ixjrtion 
of the varnish with a large quantity of absolute alc«)hol. The rosin may bo ol>- 
tained by evaporation of the alcoln>lic extracts. The fixed oils after oxidation or 
ixdymeri/ation, as caused by the heating of the varnish during mamifacturc, are 
not readily soluble in alcohol. 

Separation of Polymerized Oils and Resins. In the making of varnish, some 
oils become oxidized or polymerized to a condition resembling reshis. I’ or instance, 
when a varnish is examined for resins by the above method, it will often l)e found 
that a considerable amount of matter in.solubIe in petroleum ether will be obtained 
even when hard re.sins are absent. I'he insoluble substan<*e is oxidized or polym- 
erized oil. It may bo differentiated fmm varnish resins bj' the fact that it is 
readily saponified by alcoholic inttash. I’hc following method by lioughton 
(T<*chnologic Pai^r Xo. 6.5, IJ. »S. Bureau «*f Standards), though involving consider- 
able work, is probably the most aeeurate method for the separation of polymerized 
oils and resins. 

To alxiut 4 grams of varnish in a flask add about 25 cc. of water and boil until 
tlie volume is about 10 cc. This removes nearly all of the volatile. Add 25 cc. 
half normal alcoholic potash and 25 cc. benzol and boil under a reflux condenser 
for one-half hour. lOvaporate the solution to about 15 cc. and add about 10 cc. 
of alcohol. Transfer completely to a separatory funnel, washing the flask with 
water and ether and using a policeman if necessary. Dilute with water to about 
100 cc., add 100 cc. of etlier, and sh.akc. Add a few cc. of alcohol if necessary to 
make the layers separate. Draw off the aqueous layer and wash the ether three 
times with water and transfer to a tared flask for future use. 

To the combined soap solution and washings, add an excess of hydrochloric 
acid and extract twice with 50 cc. of ether. Discard the aquer>us layer, wash 
the combined ether extracts with water, transfer to a flask and distill off the 
ether. To the dry residue add 20 cc. of absolute alcohol and 20 cc. of a mixture 
of 1 volume of sulphuric acid and 4 volumes of absolute alcohol and boil for two 
minutes under a reflux condenser. Completely transfer the contents of the flask 
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to a floparatory funnel, washing the flask with water and ether. Add 100 cc. 
ether and after agitation <add 100 cc. of 10 per cent sodium chloride solution and 
again shake. Draw off the aqueous layer, extract it with 50 cc. of ether, combine 
the ether solutions and wash with water. Add 50 cc. of a fifth-normal potassium 
hydroxide solution and 10 cc, of alcohol, shake and draw off the lower layer into 
a second funnel. AV'ash the ether layer with 50 cc. of water containing 5 cc. of 
the potassium hydroxide solution and 5 cc. of alcohol. 

l^xtract the combined a(|ueous portions with two 50-cc. portions of other and 
finally wash the combined ether solutions (containing the ethyl esters of the fatty 
acids) with w^ater. 

Distill off the ctluT and l:H)il the residue with 25 cc. of half-normal alcoholic 
potash for one-half hour under a reflux condenser. Transfer completely to a sepa- 
ratory funnel and extract the soap four times with ether. Wash the combined 
ether solutif)n twice with water and add it to the first ether solution of unsaponi- 
fiablcj matter obtained. 

Unite the solution and w^ashings containing the soaps, add an excess of hydro- 
chloric acid, and extract twicer with ether. Transfer to a tared flask the combined 
ether solutions, after washing tliem w ith w'ater, distill off the ether, dry the residue 
to constant w'cight at 110° (\ and weigh as ** fatty acids. 

Ref)ort the percentage of fatty acids as i>crcentage of oil and calculate the 
perceiitage of resin by difference. 


OTHER MATERIALS 

For detailed methods oth(‘r than those* given in this work, for the examination 
of shellac, resins, bitumens and other raw materials of the vehicle portiion of paints 
and varnishes, the following references may be cojisulted: 

Proceedings of the Amori(*an So(*u*.1y for Testing Materials (Committee D-1), 
11)10-15. 

Analysis of l^iints and Varnishes. (Jardner and Schaeffer. McCraw-lIill 
Hook Co., New York. 

Manufai'ture of Varnishes. Livache and McIntosh. Vols. l-III. Scott, 
Greenwood & Son, London. 
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THE ANALYSIS OF PAINT PIGMENTS 

The vehicle having been extracted fniin the paint under (examination, by the 
previously outlined methods, the pigment is loft r(‘ady for analysis. The pig- 
ment can be readily classified under one of the following heads by its color, thus 
shortening any preliminary examination. Many of the colors have a white base 
which necessitates a determination of both the colored portion of the pigment 
and any white base which may have been used. 

The general analysis of colored pigments is carried out according to the specific 
method outlined for the indivi( lal colored pigments, together with the methods 
for a compo.site white paint, provided a (lualitativc examination does not directly 
reveal the identity of the pigment. 

The pigments used in the manufacture of paints an? classifit'd as follows, in 
certain instances the trade names being given by which the particular pigments 
are known. 


White Pigments 

Lead Pigments 

Sublimed White Ijcad — Basic Sulphate of TiCad — liasic Sulphate — ^^'hite Letul. 
Corroded White Lead - Basic C'arboriate of Tx'ad. 

Old Dutch Process White Lead. 

Quick Process White liOad. 

Mild Process White Lead. 

Zinc Ixiad. 
liCaded Zinc. 

Zinc Pigments 

Zinc Oxide — Zinc White. 

T.ithoponc — Ponolith— -Beckton White ('harlton White — Orr’s White. 

Silica Pigments 

Silica- -Silex. 

Asbestine Taleose. 

China Clay— Kaolin — Tolamite. 

Calcium Pigments 

Whiting — Paris White — C'halk — Alba W'hiting — Spanish White. 

Gypsum— Plaster of Paris — ^Terra Alba — Agalile. 

Barium Pigments 

Barytes — Barite — Blanc Pixe — Barium Sulphate. 

Barium Carbonate — ^\Vithcritc. 

Red and Brown Pigments 

Red Lead — Orange Mineral. 

Vermilion. 

Ochn*s — ^Tuscan Red — Indian Red — ^Venetian Red. 

Umbers — Siennas. 
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Blue Pigments 

Sublimed Blue Lead. 

Ultramarine Blue. 

Prussian Blue— Antwerp Blue— Chinese Blue. 

Yellow and Orange Pigments 

Chrome Yellow- liemon Yellow— Medium Chrome Yellow. 

American Vermilion— Orange Chrome— Basic Ijcad Chromate. 

Orange Mineral. 

Green Pigments 

Chrome Green. 

Chromium Oxide. 

Green Earth. 

Black Pigments 

Graphite. 

Carlwn Black — ^Bono Black — Lamp Black — Drop Black — Ivory Black — Min- 
eral Black. 

Willow Charcoal. 

Black Oxide of Iron. 


ANALYSIS OF WHITE PIGMENTS 

SUBLIMED WHITE LEAD 

Basic Sulphate of Lead. Basic Sulphate- White Lead 

This pigment, embracing the daily aiudysts by the manufacturers of the product 
of over live months’ time, shows the following average com]K)sitiou: 


Ta*nd sulphate 7fi.(KS% 

laaidoxide 17.2.3 

Zinc oxide .5.79 


99.70 

The remaining .3 of 1 per cent consists of moisture and ash which are rarely 
determined. 

The analysis of this pigment bsised on the following method,* which depends 
upon the al)ovc avcrjvge composition, together with the volumetric determination 
of the total lead and zinc contents, is rapid and accurate. 


1 Jour, of Ind. and Eng. Chem., 6, 3, 200, March, 1914. 
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Volumetric Determination of Lead ^ 

One gram of the sample is dissolved in 100 cc. of an acid ammonium acetate 
solution made up as follows: 


Eighty per cent acetic acid 125 cc. 

Concentrated ammonium hydroxide 05 cc. 

Water 100 cc. 


Add this solution hot, dilute with 50 cc. water and boil until a clear solution is 
obtained. Dilute to 200 cc. and titrate with standard ammonium molybdate 
solution, using a freshly prepared solution of tannic acid as an outside indicator. 

A solution of ammonium molybdate containing 8.67 grams per liter usually 
givas a solution where. 

One cc. =0.01 gram Pb. 

Standardize again.st i)ure PbO, pure PbS 04 , or clean lead foil. 

For further details of this method see p. 239. 


Volumetric Determination of Zinc^ 
Boil 1 gram of the sample with the following solution: 


Water 30 cc. 

Ammonium chloride 4 grams 

Concentrated hydrochloric acid 6 cc. 


If the sample is not (iiiite dissolved, the result is unaffected, as th(f residue is 
lead sulphate or precipitated lead chloride. 

Dilute to 200 cc. with hot water. Add 2 cc. of a s.aturated sodium hypo- 
sulphite solution and titrate with a standard solution of potassium ferroeyanide, 
using a 5% solution of uranium nitrate as an outside indicator. C/alculatc the 
zinc to zinc oxide. 

Using the average total of 99.70%, the total lead found and the zinc oxide 
content, the composition of this pigment is detennined by the following calcu- 
lation: 

Total percentage of lead compounds present 

= total percentage found of ZnO, PbO and PbSO«— percentage of ZnO. 

Total percentage of lead comixmiuls present 

=99.70% (average total) — percentage ZnO. 


Atomic weight lead 207 . 1 

Molecular weight lead oxide 223 . 1 

Molecular weight lead sulphate 303 . 1 


As a hypothetical case, we can assume the presence of a 4.70% ZnO and 
69.00% metallic lead. 

* Modification of Ix>w's Method, “ Technical Methods of Ore Analysis," p. 149. 

* Low’s Method, " Technical Methods of Ore Analysis," p. 284. 
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/Mol, wt. Pl)S() 4 ^,„. 

I — 7- — : — — X% I t) found ) 16 constituents 

\ At. wt. r» / 

■m c I tti \ _ _ I X V 


Mol. wt.PliSOi— mol. wt. PbO 
Mol. wt. J*bO 


Pl)() present 


/Mol. wt. PbO^^„ , A 
( At. 'vt. I>l, ‘ 

Mol. wt. PhSO* 

Determining the perccntiigo of lead oxide and lead sulphate present by the 
alK)vo fonnulas we find : 


,20/ . I / 


303.1 ^ 23.1 
223.1 


- —per cent PhO -= Iti.AS 


^ 23 . 1 ^ 303.1 

3037i 


= per eent PI)S04 -7S.32. 


If it is necessary actually to determine the percentage of lead sulphate present, 
t\u* following procedvire may he followed: 


Total Sulphate 

Mix 0.5 gram of the sample, with 3 grams of sodium carbonate. Add 30 cc. 
of water and bod ginitly for ten minutes. Allow to stand for four hours. Dilute 
with hot water, filter and wtvsh thoroughly. All the. lead sulphate is here changed 
to lead carbonate, the sodium carbonate being transposed to sodium sulphate, 
which is found in the filtrate. 

The sulphate is determined in the filtnite by precipitation a.s liaS() 4 . Calcu- 
late the BaS 04 to Pl)S() 4 . Determine the total leail as aliovc outlined, deduct 
the lead found ns ]*bS ()4 and calculate the residual lend to PbO. 

The foregoing method is tlie one generally used in the commercial estimation 
of lead and yields c.xcellcnt results to the analyst who is familiar with it. How- 
ever, in laboratories where only occasional lead determinations are made, the 
well-known gravimetric mctlxMls for lead and zinc will sometime.s l)e found prefer- 
able. The time re«iuired for gravimetric determinations is not much greater 
and the chance of error is reduced. 

The method referred to consists in woigliing the lead as sulphate^ and the 
preeipitation of the zinc from the filtrate with sodium cnrlM»natc, igniting it, and 
weighing n.s zinc oxide. 

* As outlined under Basic CWhonato of I^cad, p. 625. 
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CORRODED WHITE LEAD 

Basic Carbonate of Lead ’ — Old Dutch Process White Lead — Quick Process 
White Lead — Mild Process White Lead 

Corroded white lead contains approximately 80% metallic lead and 20% 
carbonic acid and combined water with tratujs sometimes of silver, antimony and 
other metals. The formula for this comp<Jimd is 2PbCOa*Pb(OH)j. 

Total Lead (Gravimetric) 

Dissolve 1 gram in 20 ee. of UNO* (1:1) in a covered beaker, heating till all 
COj is expelled; Wiish off cover, add 20 ce. of lljSO <(1 : 1) and evaporate to fumes 
of SOs, cool, add about ]r)0 cc. of water and li>0 ce. of etiiyl alcohol; let stand 
in cold water one hour, filter on a CJooeh cru«Ml)le, wash w'ith 95% ethyl alcohol, 
dry at 110“ C., and weigh the PbSO*. Calculate to PbO or to basic carbonate.* 
Instead of determining the lead as sulphate, the sample may be dissolved by 
boiling with ac<*tic acid; then dilute to about 200 cc. with W'ater, make alkaline 
W'ith Nll/ni. then aeui with acetic acid, heat to boiling and acid 10 to 15 cc. 
of a 10% solution of potassium diehromato; heat till the yellow precipitate 
as.sum<‘s an orange eol<»r. Let settle aiul filter f)n a (looeh crucible, w’ashing by 
decantiitinii with hot water till the washings are c«)lorless, finally transferring 
all of the precipitate. Then wash with Oo^o ethyl alcr)hol and then ether; dry 
at 110“ C. and weigh PbCrth. (Any insolulde matter should be filtered out before 
precipitating the lead.) 

Total Lead (Volumetric) 

Dissolve 0.5 gram of samj)lo in 10 oc. of couernt rated hydrochloric acid, boil 
till solution is elfeeted, cool, dilute to 40 cc. and neutralize with ammonium 
hj'droxidc. Add acetic acid until distinctly acid, dilute to 200 cc. with hot water, 
boil and titrate with ammonium molybdate ns follows: 

Dissolve 4.25 gram of ammonium inoI.\'bd.'ife hi water and make up to one 
liter. I'o standardize this solution, di.s.sol\'c about 0.2 gram of pure lead foil in 
nitric acid (pure PbO or PbSO^ may also be u.‘«f;d), e\'apor.ite nearly to dryness, 
add .‘10 ce. of w'ator, then 5 cc. ILSth ( .sp.gr. 1 .S4), cool, and filter. 

Dr«)p filter with PbiSth into a flask, add JO cc. concenfrated IICl, boil till 
completely disintegrated, add 15 cc. of IK 'I, 25 cc. of W'ater, and NILOH till 
alkaline. Acidify with ac<“tic acid, dilute to 200 cc. with hot water and boil. 
Titrate, using an outside hulicator of one part of tannic acid in 300 imrts of water. 

It should be noted tliat w'hen calcium is ]>rescnt, it forms a more or less 
insoluble molybdate, and results are apt to bc^ high. With siimples containing 
less than 10% of lead, the lead should be precijjilated as PbS 04 , filtered, redis- 
solved and titrated os in the procc.ss of standardizing. 

Carbon Dioxide 

Determine by evolution with dilute hj’drochloric acid absorbing in soda-lime 
or KOH solution. Calculate CO* to PbCO*, subtract PbO equivalent from 
total PbO and calculate residual PbO to Pb(OH)s. 

* Tentative Methods for the Routine Analysis of White Pigments. Report of 
Commission D-1, American Society for Testing Materials, 15) K*). 

* 'i'his method of weighing lead sulphate is not acimrate in the jiniscnco of calcium 
compounds. 
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Acetic Acid ^ 

Place 18 grams of the pigment in a 500-cc. flask, add 40 cc. of sirupy phos- 
phoric acid, 18 grams of zinc dust and 50 cc. of water. Connect to a straight 
Liebig condenser, apply heat and distill dowm to a small bulk. Then pass steam 
into the flask until it becomes about half full of condensed water, shut off the 
steam and distill down to a small bulk - this operation being conducted twice. 
To the total distillate which was collected in a larger flask add 1 cc. of sirupy 
phosphoric acid, connect to a Liebig condenser, using a sprny trap, and distill 
to o small volume— about 20 cc. Pass stt'am through till about 200 cc. of water 
condense in the distillation flask, shut off steam and continue the distillation. 
Those operations of direct and steam distillations are conducted until 10 cc. of 
the distillate require only 1 drop of 0.1 N alkali to give .a change in the presence of 
of phenol phthalein. Then tit rate thct<»tal distillat e wit h 0. 1 N sodium hydroxith; 
and phcnoljdithalein and calculate the total a<‘i«lity as acetic acid. It will be 
found convenient to titrate each 200-cc. i)ortion of the distillate as collected. 

Metallic Lead^ 

Weigh 50 grams of the sample into .a KMl-ec. beaker, add a little Avater and add 
slowly ()0 cc. of 40/(; acetic acid and after effervescence has ceased, boil on hot 
plate. Fill the beaker with wsiter, let settle, and decant the clear solution. 
To the residue add 100 cc. of a mi.xture of 8t}0 cc. of strong NJLOII, lOSO cc. of 
water, 2100 cc. of 80% acetic acid, and boil until all solution is complete. Fill 
the beaker with water, let settle and d<'cant the clear solution, t'ollcct residue 
on a watch-glass, floating off everything but metallic lead. Dry and weigh. 
Result X2 = iKjrcentage of metallic lead in sanqile. 

The following method of A. N. Finn (unpublished) gives total ba.sieity of a 
pure white lead: Place 2 grams of pigment in an evolution fliusk, add a little (X) 2 - 
free water, connect with a separatory funnel and condenser (Knorr type), add 
through the funnel, finally washing down, 100 cc. of N/4 nitric acid, lioil and 
absorb the CO 2 in a soda lime tube in the usual manner (having H 2 S 04 and f !aClj 
drying tubes in train) and weigh. To the solution in the evolution flask, adtl 
about 20 cc. of neutral sodium suliihutc solution and titrate with N/4 sodium 
hydroxide solution (carbonate-free), using phenol])hthalcin. ('(>2 is calculated to 
PbCOi. The amount of N/4 acid corresponding to the CO2 is calculated and 
deducted from the total amount of N/4 acid neutralized by the sample and the 
difference calculated to combined H 2 O, from which Pb(OIl )2 is computed. 


ZINC LEAD AND LEADED ZINC 

Zinc lead and leaded zinc arc varying compounds containing zinc oxide 
and lead sulphate, the former showing approximately 50% zinc oxide and 50% 
lead sulphate, while the latter contains on an average 25% lead sulphate and 
75% zinc oxide. See also pp. 2.19, 480. 

These pigments may be analyzed by the following procedure : 

Moisture. Heat 2 grams at 105® (). for two hours. 


‘ Thompson’s Method, .Tour. Soe. Chem. Ind., 24, 4S7 1(K).5. 
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Lead and Zinc. Dctcnninc the lead directly by the volumetric molybdate 
method and the zinc by the volumetric ferroeyanide method as outlined under 
Sublimed White Lead. See also pages 239 and 480. 

Total Soluble Sulphates^ (in the absence of BaSOO. Treat 0.5 gram of 
the sample with 5 cc. of water, 3 grams of NIf 4 (’l and 5 cc. of IlCl saturated 
with bromine; digest (covered) on the steam batli about fifteen minutes, add 25 
cc. of IlaO, neutralize with dry Na 2 COa and add about 2 grams more. Boil 
ten to fifteen minutes; let .settle, dilute with hot water, filter and wash with 
hot water; redisscjlve in Ilt'l, repreeipitate as above and wash thoroughly with 
liot water. Acidify the unites ’ filtrates with 1101 and add a slight excess of 
lO'/o BaCl* solution. Let stand on steam bath for one hour, filter, wash with 
hot water, ignite and weigh the BaSO*. (’alculate to SO 3 (includes SO* formed 
from SO 2 ). 

Total Soluble Sulphate fin the jiresence of BaK(> 4 ). I'reat 1 gram in a 
GOO-ee. beaker with 10 ec. of ILO, 10 ee. of strong 11(^1, saturated with bromine, 
and 5 grams of NlLt '1, heat on a steam bath in a covercul beaker for five minutes, 
add hot water to make about 400 ee., boil for five minutes aiul filter to separate 
any insoluble material. (A i)ur(! ])igment siioiild bo completely di.s.solved.) Wash 
with hot water, ignite and weigh the insoluble, liemove lead with NaaCO* as 
above, imiking a double ])re(;ipitation, acidify, and to the boiling hot filtrate add 
slowly, with stirring, 20 ee. of a 10(o BaC’L solution; let stand for two hours on 
the steam bath, filter, wash, ignite, and weigh tus BaS 04 . (Includes SO* formed 
from SO 2 .) 

Soluble Zinc Sulphate. Boil 2 grams of the sample with 150 ec. of water 
and 50 ec. of alcolud for thirty minutes, filter and wash with a mixture of alcohol 
and water (1 :3). Heat the tilt rate to boiling .and exjM‘1 most of the alcohol; then 
determine S( >3 by the usual metluxl of preeijnt at ion with BaCl.. Calculate to 
ZnS ()4 and toSOj. 

Sulphur Dioxide. Dige.st 2 gnims of the? .s.imple with frecpient stirring in 
100 cc. of freshly boiled cold wut(;r .‘Uid 5 ce. of concentrated llCl; let stand ten to 
fifteen minutes, add an excess of 0.01 normal iodine solution and titrate back with 
0.01 normal sodium thiosulifiiate solution, using starch indicator. Report as 
b() 2 . Run blank on reagents and imike corrections. 

Calculations. Report soluble SOj as Zn.'^() 4 . Deduct ZnO equivalent of the 
ZnSt )4 fro!n total Zn() and rei)ort residue as ZnO. Deduct soluble SO* and SO» 
etiuivalent to S ()2 from total SO 3 , calculate remainder to PbS 04 ; subtract PbO 
equivalent of PbSOi from total I’bO and report remainder as PbO. 

ZINC OXIDE 

Moisture. Weigh H) grams on watch-ghi-ss and dry for two hours at 105 to 
1 10 ° ( 5. Cool and weigh . 

Carbon Dioxide. I’lace 10 grams in a 4-ounce lOrlenmeyer fl;i.sk, moisten with 
water, add solution of KMntL to oxidize SO 2 , insert a two-hole rublxjr stopper, 
with an acid delivery tulx; and connect to a carbon dioxule ap])aratus. This 
a])paratus consists of a tube containing KOII solution, preceding the flask with 

'Report of Sulwjoinmittee VI 11 of Oonunittce D-1, Proceedings of American 
Society for Testing Materials, 14, 271-2, 1914. 

*l'rank G. Breyer, C'liief, 'resting Department, The Now Jersey Zinc Co. 
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sample, to absorb any CO2 from the air drawn in. The flask is followed by a tube 
with concentrated II2SO4 to absorb moisture, a calcium chloride tube, and next 
is a weighed CJcissler * bulb with KOH solution, to absorb the CX)2 from the sample; 
this is followed by another calcium chloride tube which is connected to a suction 
line. The acid delivery tube contains 25 cc. 112804 (1:1) and before opening 
the stopcock the suction is a()plicd to insure that the connections arc all air- 
tight; if there is no leak the acid is allowed to flow into the flask and the suction 
regulated so that the bubbles in the (leissler bulb may easily l>e counted. The 
flask is heated cautkuisly to boiling for a minute or two, the flame removed and 
the suction allowed to imjcced from thirty to forty minutes. 'Fhe ( Jeissler * bulb 
is then disconnected, placed in the balance for fifteen minutes together with the 
end calcium » hloride tube and then weighed. The KOII solution used for 
alxsorption is of the same strength as for carbon in steel. 

Insoluble. Treat 10 grams in a 2.o0-cc. beaker with 50 cc. conc(;ntrated IKH, 
evaiK)rate to dryness, tsiko uj) residue with HCl and water, filter and wash 
thoroughly with IK’l (1 : 4) and hot water. Ignite filter i)aiK'r and contents 
in a weighed platinum crucible. 

Sulphuric Anhydride; Total S as SO3. Treat 10 grams with 50 cc. strong 
IICl and a few cc. of bromine water; boil t«) expel bromine, filter from insolulde, 
wash with hot water. Neutralize the exce.ss of IK’l with ammonia, keeping the 
solution slightly acid, heat to boiling and add about 15 cc. of hot HaCh. L<*t 
stand overnight, filter on a w(‘igh(‘d (looch cnicible, wash well with hot water, 
ignite in a muffle, cool and weigh as BaS()4. 

Lead Oxide 

Gravimetric Method. 'Pix'at 10 grams with 50 cc. stn)ng HCl and 50 cc. 
II2SO4 (1 ; 1), evaporate on a hot plate, and finally over a Bun.sen burner to strong 
fumes of S().i. 

Cool, and add 100 cc. water, heat again to dissolve the soluble suli)hates, cool, 
add 25 cc. 95% alcohol, let stand overnight, filter on a ( looch crucible and wash 
with dilute H28O4, and finally with alcohol. Dry at 110° C., ignite for five to ten 
minutes, cool and weigh. I)is.solve the 1M)S()4 in tlie (Jooch crucible with a hot 
solution of ammonium acetate, .slightly acidify with acetic acid, Wiish with hot 
water, dry at 110° C., ignite and weigh again. The lo.ss in weight is PbS04, from 
which the PbO is calculated. 

Electrolytic Method. t).:iii0 grams of the sample are dissolved in a 250-cc. 
beaker with 40 cc. concentrated IINOs and about 50 cc. of distilled water. The 
solution is boiled for a few minutes until all red fumes are expelled. Add enough 
silver nitrate solution to precipitate all chlorides (an excess of silver nitrate does 
not interfere) and dilute to about 200 cc. 

Electrolyze for two hours, using about .5 ampere current. The solutions are 
tested for lead before turning off th<! <*urrent by raisitig the licpiid in the btiaker, 
and allowing to continue for twenty minut<;s. If there is no fresh deiM)sit of PbO,, 
the electrode is washed three times with distilled water (current still on) and then 
after removal from the electrolji,ic .stand, with alc(»hol. After drying one hour 
at 110° (’. the electrode is w'eighed. The weight r)f PbO-i in milligrams divided 
by 100 gives the percentage of I’bO. 

*8oe Procedure for C()2 determination in the chapter on Darbon, p. 103. 
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Chlorine. Treat 10 grams of sample with 50 cc. strung HN0«, add 10 cc. 
N/10 AgNOi, boil, cool, add 10 cc. ferric nitrate (1 : 3), and titrate the excess 
of AgNOa with NIIaCNS (9 grams per liter of solution). A blank determination 
is conducted in a similar manner and from the amount of N /lO AgNOa required 
the chlorine is calculated. 

Ferric Oxide. Treat 10 grants with 50 cc. strong IICl, add about 1 gram 
KClOa, and boil down to a syrupy consistency. C’ool, add water and a large 
excess of ammonia. Allow to stand until the ferric oxide separates, and filter; 
wash with dilute ammonia w.‘'ter and then with hot water. Dissolve the pre- 
cipitate of ferric oxide in an i.rlenmeyer flask with warm dilute H2S()4. Wash 
the filter pajjer thoroughly with hot water, dilute the solution in the Krlenrneyer 
flask to about 200 cc. and pass in hydrogen sulphide for five minutes. Place a 
funnel in the neck of the flask and boil until all IIjH is expelled. C%)ol and titrate 
with dilute KMn()4. A blank determiiiatuni is carried out' in a similar iiuuiner 
and the numlxjr of cc. of K]Mn()4 required to give a pink color is subtracted from 
the total nuinlxjr re(|uired on the sum])!e. 

Manganese Oxide. Treat a JO-gram sample in a 10-oz. lOrlenmeyer flask 
with 100 cc. of HNOa (1 : 3), heat to boiling and add a pinch of sodium bismuthate, 
when the pink color of p(*nnanganic aci<l is producc'd; now achl a few cc. of dilute 
Na^SjOs solution to destroy tlie ijink color, and continue boiling to drive off all 
nitrous oxide fumes. Cool thoroughly and add 50 cc. of a solution of UNO*, 
anti a very small pinch of sodium bisinuthate to restore the pink color again. 
Filter the solution through a Gotich crucible to remt)ve the excess of sodium 
blsmuthate, rinsing the flask and Gooch with 50 cc. of 3% IlNOs solution to 
which a small amount of sodiuni bismuthato has been added. Now add 10 cc. 
of ammonium ferrous sulphate solution, and titrate the excess of ammonium ferrous 
sulphate with standard KMn04 whose iron value has l)een determined. One gram 
of KMn()4 per liter is a convenient .strength; and 12.1 grams of ammonium fer- 
rous sulphate, and 50 cc. strong lljSGj to the liter gives a solution which is almost 
ccpial to the ])erin,‘itiganatc solution. A bhink determimition is carried out in 
exactly the same manner as with the s:unple of oxide, and the differ<*nce in the 
number of cc. of K^In()4 re<|uired to give a i)ink color with the blank deter- 
mination and the sauqde of oxide is e<|Ual to the amount of MnO prcisent. The 
manganese value of the KMuth is cahadaled from the iron value, according to 
the ratio of Mn : Fe, or 55 : 279.5 or 0.19(><S : 1. 

Arsenous Oxide. Weigh 10 grams of oxitlc in a lO-ounce Erlenmeyer flask, 
add about 10 grams of FeS04, place a rubber stopper W'ith an acid delivery tube 
and an exit tube, which is immersed in a beaker containing about 200 cc. dis- 
tilled water. The beaker of water is ])laced in a pan of cold water, the pan 
having an inlet and overflow. Now add 100 cc. strong Htfl from the delivery 
tulie, and heat the flask to boiling so as to distill the arsenic into the beaker of 
water. Continue boiling until about two-thirds of the acid hjis been distilled, 
remove from the flmne, rinse the delivery tube, add 10 cc. strong IICl to the 
solution in the beaker, warm and jjass in II^S to pivcipitate the arsenic, as As2S». 
Let stand in a wann place for some time and filter in a Gooch crucible, wash 
the precif)itate of AS2S3 with alcohol and then with carbon bisulphide and several 
times with dilute alcohol. Dry at 105° t’. for one hour and weigh. Dissolve 
the AS2S3, in the Gooch crucible with dilute anunonia water, W'jish well with hot 
water, and dry at 105° C. atid reweigh. The h)ss in weight is AS2S3, from which 
the AS2O3 may be calculated, tiee procedure for arsenic distillation, p. 33. 



630 


PATNT AND PAINT PIGMENTS 


SO* Equivalent. Treat K) grains in a 250-c.c. beaker with 2o rc. eohl water, 
25 cc. hot water, add some starch solution and titrate with N/IO iodine solution, 
gradually adding 25 cc. HCl until a perinaiicnt blue color appears. 

Zinc Oxide. The percentage of ZnO is found by adding together all the 
percentages of impurities, except the SO* equivahsnt, tuid subtracting this sum 
from 100. 


LITHOPONE 

Ponolith — ^Beckton White — Charlton. White, etc. 

This pigment is a chemically precipitated pigment containing approximately 
from 69 to 70 per cent barium sulphate, the remainder consisting of zinc sul- 
phide, with occasional impurities of zinc oxide and carbonate. 

Moisture. Heat 2 grams for two hours at 105° C. 

Barium Sulphate. Treat 1 gram with 10 cc. cone. HCl and 1 gram 
of potassium chlorate, added in small amounts. Evaporate to one-half its 
volume, add 100 cc. hot water and a few cc. of dilute H*S 04 . Boil, filter, wash 
and weigh the insoluble rcskluc, which should show only the presence of barium 
sulphate. Examine the residue for silica and alumina. 

Total Zinc. Determine the total zinc in the filtrate by the volumetric 
method as outlined under Sublimed White Ijcad. 

Zinc Sulphide. Digest 1 gram at room temperature for one-half hour with 
100 cc. of 1% acetic acid. Filter and detennine the zinc in the precipitate by 
solution in IK’l as under Sublimed White Lead. 

Zinc soluble in acetic acid is refKirted as zinc oxide, zinc insoluble as zinc 
sulphide. The filtrate from the acetic acid treatment, after precipitating the zinc 
as zinc sulphide and subsecpient removal, should be ex.amined for barium which 
might l>e present as carbonate, and calcium, present as eithiT sulphate or car- 
bonate. The zinc suljihide may also be determined by the method as outlined 
under I’entative Methods for Analysis of Pigments by Committee D-I * as 
follows: 

Zinc Sulphide.* Place 0.5 gram of the jiigment in an evolution flask® with 
about 10 grams of “ feathered ” or mossy zinc, add 50 cc. of water; insert the 
stopper carrying a separatory funnel and an exit tube. Run in 50 cc. of con- 
centrated JlCl from the funnel, having previously connecteil the exit tulio to two 
absorption flasks, in series; first flask contains 100 cc. of alkaline lead nitrate 
solution, second flask, .50 cc. of same as a safety de^'ice. After all of the acid 
has run into the evolution flask, heat .sh»wly, finally boiling until the first apjK'ar- 
ance of steam in the first absorption flask. Disconnect, let the lead sulphide 
settle, filter, wiush with cold water, then with hot water fill neutral to litmus 
paper and washings give no ti‘st for lead. The PbS jirocifiitate in <lissf)lved in 
hot, dilute UNO*, evaporated to fumes with 17*804 and finally weighed as l’bS() 4 . 
Calculate PbS or PbS 04 to ZnS. 

The alkaline lead solution is made as follows: Into 100 cc. of KOII solution 
(.56 grams in 140 cc. of 11*0) pour a satunated solution of le.ad nitrate (2.50 grams 
in 500 cc. of HaO) until the pnicipitatc ce.ases to riidissolve, stirring constantly 

* American Society for Testing Materials, It) 1.5. 

* Evolution MetluMl of W. G. Scott, “ White Paints and Painting Material,” 
p. 2.57; stse also p. 398, (iiapter on Sulphur by W. W. Scott. 

* Sec Apparatus on p. 399. 
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while luixiiiK- Ahoul. three volumes of the lesul solution will be rcciuired for one 
of the ulkali. 

Instead of ubsoj-biiiK tins evolved IliS in alkaline lead-nitrate solution, n 
solution of S grams of cadmium chloride in 250 cc. of water and 150 cc. of Nn 40 II 
(sp.gr. 0.00) may b«‘. ustnl. I’he lAlH i)rn(*ii)itato may bo filtered on a weighed 
Gooch, washed with w'ater conttiiiiiiig a little dried at 100° C., and 

weighed, (’ahaihite to ZnS. It is better to filter the CdS on a small filter and 
wash as above, then place filter and pnicipitato in a beaker and di8.solve in HCl 
and KClOs (keeping at room temixjrature at first). Filter out any paiier pulp 
or insoluble matter, make filtrate alkaline W'ith NH4OII, then just acid with 
HCl, heat to boiling and precipitate with BaC32 in the usual manner. Filter, 
wash, ignite, and weigh the UaS 04 . Calculate to ZnS. 

For very rapid work the contents of the absorption flask, after all H*S has 
been absorlied, may be washed into a vessel with cold water and diluted to about 
1 liter, acidified with concentrated HCl and titrated with standard iodine solu- 
tion, using starch indicator. (The precipitate should be completely dissolved.) 
The iodine solution is prepared by dissolving about 12.7 grams of pure resublimed 
iodine and 1 8 grams of KI in a little water and then diluting to 1 liter. 

Soluble Salts. Digest 2 grams with hot water and examine the filtrate for 
soluble salts. 


SILICA OR SILEX— CHINA CLAY- ASBESTINE 

The.se pig?nenfs, while all true silica pigments, are widely different from the 
standpoint of physical structure. A microscoinc examination is of great value, 
showing silica or sihix to consist of .small, sharp particles, china clay to be tabloid 
in aj)jK'aranco and asbestine to csnisLst of long, rod-like fibrou.s jiarticles. 

The following procedure taken from the outlined method published by Sub- 
C'ommittee Vlll «)f Coiiuuittco J)-I^ will well serve for the analysis of these 
pigments. 

Moisture. Heat 2 grams at 105° for two hours. 

Loss on Ignition. Ignite 1 gram tt) constant weight in a platinum crucible. 

Insoluble Matter. Boil 2 grams for thirty minutes with 50 cc. IICI (1 : 1), 
add 50 cc. of w’ater, wash, ignite, and weigh insoluble reswhie. 

In the case of China clay, or asbc.stinc, a sodium carbonate fusion should be 
resorted to, with the sub.se<juent di'hydration of the silica. 

'Fhc in.soluble residue in either case is volatilized w’ith II2SO4 and IIF in the 
usual manner, any loss in weight being considered silica. Any residue is fused 
with sodium carboniite, the fusion being added to the original filtrate. Should 
Ba.S 04 be present, tlie melt is digested with warm water, the BaCOj filtered off, 
wjished, dis.solved in hot dilute HCl and precipitated .md detonniiied jis BtiS 04 , 

The filtr.ate.s, combined from the preceding filtratkms, are examined for 
.alumina, iron, manganese, <ralciutn and magnesium in the usual way. 

Should it bo necessary to ch'termine the alkalie.s present, a sei)arate sample 
is treated according to the method of Mr. J. Lawrence Smith as in Bulletin No. 
422, U. S. Geological Survey. See p.age 35.5. 

Carbon Dioxide. Determine by evolution with HCl, weighing in soda- 
lime, KOII solution, or by absorbing in Ba(OH)* solution and titrating or weigh- 
ing as BaCOj. See p. 103. 


^ Proceedings of American Society for Testing Materials, 14, 279, 1914. 
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Any excess of calcium is reix)rlcd sts oxide. The inaRncsium is calculated as 
MgO, unless the carbon dioxitlo is in excess of the amount of calcium present, 
in which case it is reported as and the remainder as MgD. 

WHITING PARIS WHITE 
Gypsum Plaster of Paris 

These pi^nents are of the following composition: 

Whiting. The natural foim of calcium carbonate. 

Paris White. The artificial form of calcium carbonate. 

Gypsum. The hj^drated form <»f calcium sulj)hat(!, of formula C'aSOi *21120. 

These pigments are analyzed in the following manner: 

Moisture. Heat 2 grains at 10.5“ C. for two hours. 

Loss on Ignition. Ignite 1 gram at a high heat to constant weight. The 
loss will be water, if carbonates arc absent. 

Calcium. Treat 1 gram with dilute HCl and a few drops of HNO*. 
Evaporate to dr3mess, dehydrate, moisten with a few drojis of concentrated 
HCl, dilute with hot water and determine the insoluble residue. Examine 
for BaS 04 . The residue should cimsist of silica. 

In the filtrate, precipitate and determine the iron hydriixide and aluminum 
hydroxide in the usual manner. The calcium is precipitated in the boiling am- 
moniacal filtrate with 30 cc. of saturated ammonium oxalate solution, allowing 
the solution to boil for one-half hour. A double jirecipitation is here advisable 
to remove the last traces of magnesium. The calcium oxalate is filtered off, 
thoroughly washed and determined volumetrically by the permanganate method, 
p. 92. 

Magnesium. Detenuine in the filtrates after removal of tin; calcium by 
precipitation as magnesium ammonium phosphate and ignition to magnesium 
pyrophosphate in the usual mann<>r, p. 2.55. 

Carbon Dioxide. Determine as outliiuid under Silica. 

Sulphates. Dissolve 1 gram in concentrated IK’l, remove any insoluble 
residue, heat to boiling and jnecipitate any .sulphate as liaS() 4 , detenniniiig in the 
usual manner. See p. 395. 


BARYTES AND BLANC FIXE 

Of these two barium pigments ii.s<m1 in the manufacture of j)aints, barytes 
is the natural barium sulphate, while blanc fixe i.s |)r(!cipitated barium sulphtite. 
Their barium sulphate c«mtent sh«)uld be not less than 95%. 

The following method m;iy be used for the analysis of thc.se j)iginents: 

Moisture. Heat 2 gr.xms at 105° C. for two hours. 

Loss on Ignition. Ignite 1 gram to constant weight. The loss will be 
reported as lo.ss on ignition, and will consist of free and iincombimid water, carlxm 
dioxide and organic matter. 

Barium Sulphate. Boil 1 gram with dilute IK^l, evajiorate to dryness, 
moisten with HCT, add w.ator, boil, filter and wash. Should le.ad be present 
in the insoluble residue, as shown by the action of JIjS, treat the insoluble residue 
with a little (1 : 1) HCl and several drops of H 2 S() 4 . Filter, wash and weigh 
the residue. Treat the ignited residue with IliSO* and HF, evaporate to dryness 
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and ignite. '^Phe rosidno t^hould show lu) loss its silica. The filtrate is examined 
for alumina, iron, calcium and ma^ix'^him in the usual manner. 

Soluble Sulphates. Treat 1 gram with 20 cc. cone. IKi, dilute to 200 cc. 
with hot wat(!r, boil, filter, wjush, add NlbOlT until neutral, make acid with 
TICl and i)rccipitat(j any sulphate as Jl{uS(l 4 . Determine in the usual manner. 
Calculate to (-aS 04 . If carbonates ani present, (calculate the remainuig CaO to 
CaCOa. Any excess of oxide is rejMuled as ('aO. 

Carbon Dioxide. l)et(;nnine Jis outlined under silica. If any barium car- 
bonate is present, it is detennined in the filtrate from the preliminary IICl 
treatment, by precipitation and weighing, as liaS 04 . Any excess of carbon 
dioxide over the barium is reportecl as cahdum carbonate. 


ANALYSIS OF A COMPOSITE WHITE PAINT 

A white paint may consist of a mixture of any of the preceding pigments, 
excepting that it is understood that lead pign\ents and lithopone are seldom 
found together, owing to their tendency to blacken with the formation of lead 
sulphide. 

After separation from the oil and other liquids as outlined above, the white 
pigment mixture may 1x5 rapidly analyzed by the following method. It is, however, 
often advisable to resort to a qualitative examination before begiiming the quan- 
titative anal 3 rsis. 

Insoluble Residue. Boil 1 gram of the sample with 20 cc. (1:1) HCl. 
Evaporate to dryness, moisten the residue with a few cc. of concentrated HCl, 
allow to ‘stand a few minutes, dihite with hot water, boil, filter and wash the 
insoluble residue thoroughly with hot water. Treat the insoluble re.siduc with 
(1:1) HCl and 2 cc. H*S 04 to remove the last traces of lead. Filter, wash and 
weigh the insoluble residue. Determine the silica by volatilization Avith 11*804 
and HF. Any loss is rcjiortcd as silica. Determine the BaS 04 in the residue 
by boiling with dilute HCl or making a potassium bisulphatc fusion. The 
residue remaining after cither of these treatments is reported as barium sul- 
phate. 

Total Lead. This c<5nstituent can be best determined on a separate sample. 
To 1 gram add 10 cc. of cone. IIXO.,, boil, add, after cooling, cone. H*S 04 and 
evaporate to strong SO 3 fumes. Dilute with water, allow to stand several 
hours, filter, wash slightly, dissolve and determine the lead volumetrically as 
outlined under Sublimed White Lead. 

Lead can also be detennined on the combined filtrates from the insoluble 
residue. Precipitate the lead in an acid solution with H*S and determine vol- 
umetrically in the above outlined manner. 

To detennine whether both sublimed white lead and corroded vhite lead are 
present, treat a separate portion of the paint with boiling acetic acid, filter and 
collect the insoluble n'sidue. Detennine the lead cither in the filtrate or in the 
insoluble residue by the volumetric method. I’lie load soluble in acetic acid is 
the basic carbonate of lead and the lead oxide from the sublimed white lead, 
while the lead sulphate from the sublimed W'hite lead remains instjluble. 

Alumina and Iron Oxide. Remove the II*S from the filtrate by boiling, 
after removal of the lead, and precipitate the hydroxides in an ammoniacal 
solution after boiling with the addition of a few drops of HNOj. Determine 
and separate in the usual manner. 
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Zinc. Precipitate the zinc in the filtrate from the alumina and iron pre- 
cipitation, after acidifying with acetic acid, and detennine the zinc as outlined 
under Sublimed White Load on p. 623. 

Calcium and Magnesium. Detennine the calcium and magnesium in the 
filtrate from the precipitation of zinc sulphide in the usual manner, testing, how- 
ever, first for the presence of barium. 

Sulphate. Determine as outlined under Zinc Ix^ad and Leaded Zincs. 

Sulphide. Should lithopone be present, separate the zinc oxide and zinc 
sulphide as outlined under Lithopone, p. 630. 

Carbon Dioxide. Determine as outlined under Silica, p. 631. 

Calculations. Silica is reported as silica, except where alumina is present, 
showing the presence of China clay. In this case, calculate the alumina to clay 
by the method of Scott. 

Weight of AliO< X 2.5372 weight of clay. 

Weight of clayXO.4667 —weight of SiO* in clay. 

Any difference greater than 5% may be considered silica. 

Barium sulphate is reported as barium sulphate or as lithopone, if zinc sul- 
phide is present, according to the given composition of lithopone, 70% barium 
sulphate and 30% zinc sulphide. 

Lead is reported as Basic Carbonate of T^ead on the fonnula 2PbCOj>Pb(OH)2. 

Calculate lead soluble in acetic acid, after determining COs to basic lead car- 
bonate and any residual lead to lead oxide which, together with the load sulphate 
is reported as Sublimed W^hite I^ejid. 

Should calcium sulphate be present the portion soluble in water is examined 
for lime or sulphuric acid and calculated to calcium sulphate, any residual lime 
being calculated to calcium carbonate and any residual sulphuric acid being cal- 
culated to lead sulphate. Any residual COs after calculating calcium carbonate 
is calculated to white lead and any residual Icatl i.s caleulateil to lead oxide. 

T.ead oxide should not be reported except in the pro.sence of lead sulphate. 
Any large percentage of magnesium denotes the presence of asbestine. 


RED AND BROWN PIGMENTS 

These pigments are groxiped under these heads: 

The Lead Oxide Pigments — ^The Iron Oxide and Manganese Oxide 
Pigments — ^The Mercury Oxide Pigments 

RED LEAD AND ORANGE MINERAL 

These pigments in the pure form are oxides of load, of the generally accepted 
form, Pbj 04 , being probably mixtures of lead monoxide, and lead dioxide. In 
chemical composition they are the same, the proportions of load monoxide and 
lead dioxide varying, however, but by their physical structure and color they can 
be readily differentiated. 

Two methods are given for the analysis of this pigment. The first is taken 
from the method as outlined by Sub-committee VIII of Committee D-I.* 

Moisture. Dry 2 grams at 105° for two hours. 


‘ Proceedings of American Society for Testing Materials, 14, 281-283, 1914. 
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Organic Color, lloil 2 grams with 25 cc. of 95% ethyl alcohol, lot settle, 
decant off the supernatant liejuid; boil residue with water, decant as before and 
boil residue with very dilute NIW)!!. If cither the alcohol, water or NH4OH 
is colored, organic coloring matter is indicated. 

Total Lead and Insoluble Residue. Treat 1 gram with 15 cc. of HNOt 
(1 : 1) and sufficient hydrogen dioxide to dissolve all the PbOa on wanning. If 
any insoluble matter is present, add 25 cc. of water, boil, filter and wash with 
hot water. Insoluble contains free SiO*, and should be examined for BaS 04 
and silicates, if appreciable. To the original solution or filtrate from insoluble, 
add 20 cc. of cone. H 2 SO 4 and evaporate to SOs fumes; cool and determine 
lead as lead sulphate either gravimetrically or volumctrically. If the sample 
contains soluble barium salts, the PbS 04 will contain BaS 04 and should be 
treated with acid-ammonium acetate solution, the lead being determined in the 
filtrate. 

Determination of Lead Peroxide (PbOt) and True Red Lead (Pbs 04 ). 

(Method of Diehl,^ modified by Topf* — not applicable when substances are 
present, other than oxides of lead, that liberate iodine under conditions given.) 

Weigh 1 gram of finely ground sample into a 200-co. Erlenmeyer flask, add a 
few drops of distilled water and rub the mixture to a smooth paste with a glass 
rod flattened on end. Mix in a small beaker 30 grams of C.P. “ Tested Purity " 
crj'stallized sodium acetate, 2.4 grams of C.P. pota-ssium iodide, 10 cc. of water 
and 10 cc. of 50% acetic acid; stir until all is liquid, warming gently; if neces- 
sary ad<l 2 to 3 cc. of H 2 O, cool to room temperature and pour into the flask con- 
taining the red load. Bub with tlie glass rod until nearly all the red lead has been 
dissolved; add 30 cc. of water containing 5 or 6 grams of sodium acetate, and 
titrate at once with decinormal sodium thiosulphate, adding the latter rather 
slowly and keeping the li(|uid constantly in motion by whirling the flask. When 
the solution has becoiiie light yellow, rub any iindissolved particles up with the 
rod until free iodine no longer forms, wash off rod, add the sodium thiosulphate 
solution until pale yellow, add starch solution and titrate until colorless, add 
docinonnal iodine solution until blue color is just restored and subtract the 
amount used from the v(»lumc of thiosulphate that had been added. 

Calculation, 'I'lie iodine value of the sodium thio.sulphate solution multi- 
plied by 0.94193 = PbO.; the iodine value multiplied by 2.69973 =Pba 04 ; the 
l^bOa value multiplied by 2.8(5016 =Pb 304 . 

Sodium Thiosulphate Solution {decinormal). Dissolve 24.83 granis of 
C.P. .sodium thiosulphate, fre.shly pulverized and dried between filter paper, 
and dilute with water to 1 liter at a temiierature at which the titrations are to be 
made. The solution shoidd be ma<le with well-boiled HaO, free from CO 2 , or 
lot stand eight to fourteen day.s before standardizing. Standardize with pure, 
resublimcd iodine, as described in the chapter on Iodine, page 204, and also against 
pure iiotassium iodate. The two methods of standardization should agree within 
0.1% on iodine value. 

Starch Solution. Two to 3 grams of potato starch are stirred up with 100 cc. 
of 1% salicylic acid solution, and the mixture boiled till the starch is ])ractically 
dissolved and then diluted to 1 liter. 

The red lead may also be examined for zinc, carbon dioxide, and soluble 
sulphate. 

' Dingl. Polyt. Jour., 246, 196. 

* Zcitschrift fiir analytische Chemie, 26, 296. 
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The second method for detcrmiiuition of the lend peroxide or true red lead 
content is somewhat shorter.^ 

Treat 1 gram in a beaker with 15 ce. of nitric acid, s|).gr. 1.2 (110 cc. nitric 
acid, sp.gr. 1.42 to 100 ec. of water). Stir the .sanijile until all trace of red color 
has disappeared. Add from a calibrated pipette or burette exactly 10 cc. of 
dilute hydrogen dioxide (1 part of 3% hydrogen dioxide to 3.5 parts of water). 
Add about 50 cc. of hot water and stir until all the lead dioxide has pa.ssed into 
solution. In the case of some coarsely ground oxides the coixtonts of the beaker 
may have to be gently heated to effect complete solution. After the oxide has 
completely passed into solution, dilute with hot water to about 250 cc. volume 
and titrate directly with a standard potassium pennanganate solution, having 
an iron value of 0.005. Titrate to the faint pink permanganate color. A blank 
titration on the hydrogen dioxide solution must now be made. 

Into a beaker pour 15 cc. of nitric acid of above strength and add exactly 
the same amount of hydrogen dioxide (10 cc.). Dilute to 250 cc. with hot water 
and titrate with standard potassium permanganate solution to a faint pink 
color. 

The difference between the number of cc. of potassium permanganate required 
for the blank titration and the number required for the red lead titration is the 
amount required for the hydrogen dioxide which was reacted on by the red load. 
The difference between the two amounts of potxissium permanganate required 
multiplied by 3.058 grams gives the percentage of red lead present. The dif- 
ference multiplied by 1.067 gives the percentage of PbOa present. 

VERMILION 

The following portion of Walker’s * method, will suffice for the examination 
of this pigment. Should the analyst desire to detenuino the sulphide of mercury 
present or nxake a more complete examination — reference may be nxade to the 
original method. 

True vermilion, or, as it is generally called, English vermilion, is sulphide 
of mercury. On account of its cost it is rarely used in paints, and is liable to gross 
adulteration. It should show no bleeding on boiling with alcohol ixnd water anti 
no free sulphur by extractkxn with carbon disulphide. A .small quantity mixed 
with five or six times its weight of dry sodium carbonate and heated in a tube 
should show globules of mercury on the cotxler portion of the tube. The best 
test for purity is the ash, which should be nt)t mt>rc than one-half of 1%. Make 
the determination in a porcelain dish or crucible, using 2 grams of the sample. 
Ash in a muffile or in a hood with a very good draft, as the mercury fumes are 
very poisonous. It is seldom necessary to makcj a determination of the mercury. 

Genuine vermilion is at the present time little used in paints. Organic 
lakes are u.sed for most of the brilliant red, se'arlot and vermilion .shades. These 
organic coloring matters are sometimes precipitated on rod lead, orange mineral 
or zinc oxide; but as a usual thing the bases is barytes, whiting or cliina clay. 
Paranitraniline red, a compound of diazotizx'd paranitraniline and beta-naphthol, 
is largely emphiyed; but a numlx;r of colors may bo used. 

Paranitraniline red is soluble in chloroform. It is also well to try the solvent 

* “ Analysis of Lead and Its ComiKjimds,” Schaeffer and White, pp. 25-27. 

* P. H. Walker, Bulletin lOU, Revised, Bureau of Chemistry, U. »S. Dept, of Aeri.. 
pp. 31-33. 
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action on difforcot mis, of sfxliiiiu carbonate, etc. ^'lie aniount of organic pig- 
ment present in such )eds is generally very small, and when it cannot be deter- 
mined by ignition owing the i)r(‘sence of lead, zinc f)r carbonate, it is best deter- 
mined by difference. 


IRON OXIDES 

I’he iron oxides and manganese oxide pigments include the ochres, umbers, 
siennas, Venetian red, metallic brown, Indian red and Tuscan red. 

In analyzing these pigments, the following constituents are sought; moisture, 
loss on ignition, insoluble residue, iron oxide, manganese dioxide, calcium and 
magnesium oxides and sulphur trioxide. 

Owing to the similarity of the methods used for the analysis of these pigments 
to those used in the analysis of iron ores, the analyst is referred to p. 211 on the 
Analysis of Iron Ores, or to the method of Walker.^ 


BLUE PIGMENTS 

In examining blue pigments, only three arc found of commercial importance 
in the manufacture of paints; namely, Prussian blue, ultramarine blue and sub- 
limed blue lead. 

Sublimed blue lead is the fume product resulting from the smelting of lead 
ores. In composition it consists of lead sidphatc, lead sulphide, lead sulphite, 
lead oxide and zinc oxide, with occasional traces of carbon. It is finding its great- 
est use as an inhibitive i)igmcnt for the protection of iron and steel. Its color 
is a bluish gray. 

Prussian blue is the double iron and potassium salt of hydrofcrrocyanic and 
hydroferricyanic acids. 

intramarine blue is o.ssentially a silicate and .sulphide of sodium and aluminum. 

ULTRAMARINE BLUE 

Moisture. Heat 2 gnuns at lOo® C’. for tAvo hours. 

Silica. Digest 1 gram with 30 cc. of concentrated HCl, taking care to 
avoid spattering. Evaporate to dr>uioss, dehydrate, moisten with cone. HCl, 
dehydrate a second time, dilute, filter, and determine the silica by volatilization 
with H*S 04 and IIF. 

Altiminum Oxide. In the filtrate from the silica, precipitate the aluminum 
hydroxide and determine in the usual manner. Report as aluminum oxide. 

Sodium Oxide. The fillrate, after the removal of the aluminum hydroxide is 
acidified with H2SO4. Evaporate to dryness, ignite at a low red heat, and weigh 
the sodium sulphate. Cahadate to sodium oxide. 

Total Sulphur. Fuse 1 gram wit h a mixture of KNO 3 and NajCOs. Dissolve 
the fused mass in HCl, boil with cone. HNO.i for one-half hour, remove the 
insoluble ri'shlue and determine the sulphuric acid in the usual Avay. See p. 628. 

Sulphur Present as Sulphate. Dissolve 1 gram in dilute IK'l and boil 
until all the hydrogen stdphide is removed. Filter off the insoluble residue and 
determine the sulphate in the fdtrate. 


* Bulletin 109, Revised, Bureau of Chemistry, U. S. Dept. Agri., pp. 33-^4. 
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PRUSSIAN BLUE— (CHINESE BLUE)— ANTWERP BLUE 

Moisture. Heat 2 grams at 105“ for two hours. Dry Prussian l)luo 
should contain less than 7% moisture. 

Nitrogen. Determine the nitrogen present by the Kjeldalil-Cmnning method. 

Iron and Aluminum Oxides. Ignite 1 gram at a low temperature, sufficient 
to decompose all the blue, but not to render the iron difficultly soluble. Digest 
the residue with (1:1) HCl. Any insoluble residue is e.\amincd for silica, 
barium sulphate and alumina. A pure Prussian blue should show no in.solul)le 
residue. The filtrate is examined for alumina, iron and calcium in the usual 
way. 

An aliquot portion of the filtrate after the removal of the cahdum is examined 
for the alkaline metals. Calculate any alkaline metal present t.) sulphiitc. 

Sulphuric Acid. Determine the sulphuric acid in an ali(iuot portion after 
removal of the calcium. 

Commercial Analysis. The method of Parry and Costc ‘ is sufficiently 
accurate to detennine the Prussian blue in most instanetis. 

By multiplying the percentage of in>n by 3.03 or the percentage of nitrogen 
by 4.4, the percentage of Prussian blue is directly determined. 

In the case of Chinese blue, tin stilts arc fretiuently found. The presence 
of these salts should be sought by a <iualitativc examination. 

SUBLIMED BLUE LE AD ^ 

Total Lead. The tt)tal lead content is determiut‘d by the volumetric method 
for lead as outlined under Sublimed AV'hite Lead. 

Total Sulphur. Treat 0.5 gram with 10 cc. of water and a few cc. of bromine 
water. Boil gently until all the bromine has passed off. Dilute with water, 
add another portion of bromine water, boil, and continue the treatment until 
the sediment has become white in color. Add S cc. of nilric acid, evaporate 
until the brown fumes of nitric acid have disajjpeared, dilute with water and acid 
an excess of st)dium carbonate. Detennine as outlined under Zinc Lead and 
Leaded Zinc. 

Lead Sulphate. On a .separate sample determine the sul])h:ite directly as 
outlined under Zinc IjCad and Leaded Zinc, without any ijreliminary treatment 
for the oxidation of sulphites and sulphides. 

Lead Sulphite. Boil granus with 3 grams of sodium carbonate. Allow 
to stand, filter and th»)roughly wash. Treat the filtrate with bi'omino water as 
outlined under Total Sulphur and detennine the combined sulphur present as 
sulphate and sulphite. Deduct the amount present as sulphate and calculate to 
sulphite. 

Lead Sulphide. Deduct the sulphur present as sulphate and sulphite from 
the total sulphur and report the difference as lead sulphide. 

Lead Carbonate. Determine any CO 2 present by the evoluthm method and 
calculate to lead carbonate. Sec p. 103. 

Lead Oxide. Deduct the lead present as sulphate, sulphite, sul]>hide and 
carbonate from the total lead and reiwrt the difference as lead oxide. 

‘ The Analyst, 21, 226-230, 1896. 

* “ The Chemical Analysis of Lead and its Compounds,” iScliacffcr and White 
pp. 22-24. ' 
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Zinc Oxide. Determine the zinc volumetrically us outlined under Sublimed 
White lieud and report as zinc oxide. 

Carbon and Volatile Matter. Ignite the sample in a partially covered 
crucible at a low heat for two hours. Iteport the difference in weight as carbon 
and volatile mutter. 

YELLOW AND ORANGE PIGMENTS 
Chrome Yellows — American Vermilion— Basic Lead Chromate 

The pigments under this class all contain chromates, with the exception of 
orange mintfral, which is analyz(!d as under Itcd liCad. Fre(}uently .they contain 
lead sulphate and sometimes lead carbonate. A pure chrome yellow should con- 
tain only lead chromate and insoluble lead compounds. Owing to the frequent 
use of organic colors to brighten uf) the pig'iient, it is essential that a t(.*st be made 
for organic colors as outlined under Vennilion. 

The analysis of these pigments is carried out in the following manner: 

Moisture. Heat 2 grams at KW® C. for two hours. 

Insoluble Residue. Treat 1 gram with 25 cc. of concentrated IICl, boil 
and during the boiling add a few drops of alcohol, one at a time. The solution 
Is diluted to 1(K) cc., the boiling is continued for ten minutes and any insoluble 
residue is filtered off, thoroughly washed and examined for silica, barium sulphate 
and alumina. 

Lead. The .solution is nearly neutralized with NH4()TT and the lead is pre- 
cipitated as PbS with HjS. Filter off the precipitate of PbS, dissolve in HNOs, 
a(ld H2SO4, boil to strong fumes and determine as outlined under Sublimed White 
JiCad or weigh as ]*bS04. 

Chromitun. The filtrate from the load precipitation is boiled until all the 
II2S is driven off. The solution is rendered alkaline with NII4OH and the chro- 
mium is pr(!cipitated and detennined as chromic oxide. (Calculate to chromic 
anhydride. 

Zinc, Calcium and Magnesium. Precipitate the zinc in the filtrate with 
HjK and detennine as previously outlined, either volumetrically or gravimetrically. 

In the filtrate from the zinc precipitation, determine the calcium and mag- 
nesium in the usual manner. 

if any carbonates arc present, detennine by the evolution method. 

Sulphuric Acid. Detennine the total sulphate as outlined under Zinc Lead 
and Leaded Zinc on p. 627. 

Calculations. Any chromic anhydride is calculated to lead chromate, sul- 
phuric acid to lead sulphate, if calcium sulphate is absent, and any residual lead 
is calculated to lead oxide. 


GREEN PIGMENTS 

Chrome Green 

Green pigments are usually mixtures of chrome yellow and Prussian blue, 
though organic color is sometimes present, which may be determined by an 
extractioTj with alcohol. 

A microscopic examination should l)c made to determine whether the green 
is a combined precipitation product, which is of the greater value, or one mixed 
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after separate precipitation. A good green will show the presence of green and 
blue particles, while a poor green will show yellow and blue particles mixed with 
green. The analysis may be carried out as follows: ^ 

Moisture. Heat 2 grams at 105** C. for two hours. 

Insoluble Residue. Heat 1 gram at a low heat until the blue color has been 
decomposed, keeping the temperature sufficiently low so as not to render any of 
the iron or lead chromate insoluble. Detennine the insoluble residue as outlined 
under Yellow Pigments, on p. 639. 

Lead. Determine as outlined under Yellow Pigments. 

Iron, Alumina and Chromium. All the H^S is oxpi'lled from the filtrate 
after the lead precipitation by boiling. Add a few drops of UNO*, boil a few 
minutes and precipitate the aluminum, iron and chrontium hydroxides with 
NH4OH. Filter, wash, dissolve the precipitate in HCl, and make up the solution 
to a definite volume. 

In one portion the three hydroxides are precipitated together with Nir 40 H 
and weighed. Another portion is treated in a flask with an excess of KOH and 
bromine water until the iron hj'ilroxide has lussuiiiod its characteristic reddish- 
brown color. Dilute with water, filter, wash and determine tlie iron in the 
usual way. Render the filtrate from the iron precipitation acid with HNOj, 
precipitate the aluminum hydroxide with NH4OH and weigh as AhOj, 

Chromium is detenninnil in the filtrate by reduction to .a chromic salt with 
HCl and alcohol, precipitated witli NIROH and weighed as oxide. Any method 
for the separation of the above hydroxhlos may be usckI in place of the one 
outlined. 

Calcium and Magnesium. These constituents are determined in the filtrate 
from the precipitation of the above hydroxides. 

Sulphuric Acid. One gram after ignition instil alt the blue has been decom- 
posed, is dissolved in 30 cc. of cone. HCl, diluted with water, boiled, filtered, 
and washed. "I’lie sulphuric acid is determined in the filtrate. 

Nitrogen. Determine as outlined under Prussian lilue. 

Calculation. The Pru.ssian blue is determined by multifilying the iron 
found by 3.03 or the nitrogen formed by 4.4. The sulphate is calculated to lea<l 
sulphate and calcium sulphate, should calcium be pre.scnt, and the chromium to 
lead chromate. 


BLACK PIGMENTS 

The black pigments include tliose which <*ontain carbon as their essential 
constituent. The introductum of many black jiigments which j^e made from 
asphaltic and coal-tar mixtures complicates their chemical analysis. For those 
pigments which contain coal-tar mixtures, recourse may be had to works * 
covering this matter thoroughly. 

The analysis of the simple black pigments may be carried out in the following 
way: 

Moisture. Dry 2 grams at 10.5° C. for two hours. 

Oil. Extract 2 grams, with ether in a fat-extraction apparatus. 

Carbon. Determine the carbon by difference after determining the moi.st- 

* “ The Analysis of Paints,” Clardner and Schaeffer, pp. 36- 37. 

• Allen’s “ Commercial Organic Analysis,” 4th lOdition; “ The Analysis of Paints,” 
Gardner and Schaeffer. 
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ute, oil and ash. For an exact determination of carbon make a combustion test, 
absorbing the carbon dioxide in soda-lime or caustic potash as usual. 

Ash. I(pite 2 grams to a bright red heat until all the carbon is driven off. 
If graphite is present, the ignition must be carried out with the aid of oxygen. 
Should carbonate be present, mix the ash with a small amount of ammonium 
carbonate and again ignite, thus reconverting to carbonate any oxide which may 
have been decomposed 

Analysis of Ash. The ash is boiled with concentrated HCl and the insoluble 
residue determined in the usual manner. The filtrate is examined for calcium, 
magnesium and phosphoric acid. 

Calculate the magnesium to phosphate, any residual phosphoric acid to 
calcium phosphate and any residual calcium to carbonate. 


COMPLEX COMPOUNDS-FERRO AND FERRI CYANIDES 

Hydroferrocyanic Acid 

One gram of the hydrofcrrocyanide in h 0 cc. of water acidified with 10 cc. 
of sulphuric acid is titrated in a casserole with standard ]K)tassiuin permanganate 
to a permanent pink color. The end-point is ix)or, so that it is advitable to 
standardize the permanganate against pure iwtassium ferrocyanidc. 

Reaction : 2H4Fe(CN), +0 = ILO +2H,Fe((;N) 

One cc. N KMnO4=0.36S3 grain K 4 Fe((’N) 6 . 


Hydroferricyanic Acid 

Ten grams of hydrofemcyanide arc dissolved in water, the so’ution made 
alkaline with KOH and heated to boiling and an excess of ferrous sulphate solu- 
tion added. The yellowish brown firric hydroxide turns black with excess of 
ferrous salt. The solution is diluted to exactly 500 cc. and 50 cc. of a filtered 
portion titrated with potassium permanganate. 


One cc. N KMn04=.3292 gram K,Fe((^N).. 



CEMENT 

Richard K. Mbade* 

ANALYSIS AND TESTING OF CEMENTS 

The tests ordinarily applied to Portland cement are as follows: 

Fineness. 

Specific gravity. 

Setting time. 

Soundness. 

Tensile strength. 

Chemical analysis is also made, particular attention being paid to the deter- 
mination of magnesia, sulphur trioxide, and loss on ignition. As a general 
rule, however, it may be .said tliat so far as the consuiner is concerned, more 
attention is paid to the physical tests than to chemical analysis. 

Standard specifications covering the reijuirements for cement, both chem- 
ical and physical, have been adopted by the American Society for Testing 
Materials, and by the U. S. Clovernment. The former are generally recognized 
by cement users as the standard requirements, while the latter arc used by the 
various branches of the federal government. 

The methods of making these tests follow. 

PHYSICAL TESTING 

Fineness. The fineness of cement is usually determined by sieving a weighed 
portion through sieves having openings of definite sizes and observing the {ler- 
centage of residue caught upon these. The standard sieves for cement testing 
are the No. 1(K) and the No. 200. The No. 1(K) cement test sieve has 100 
openings to the linear inch and is called the 100-mcsh sieve. Since the size of 
these openings will be influenced by the size of the wire used to weave the cloth 
of the sieve, the No. KM) sieve is made of wire having a diameter of 0.0045 in. 
As it is practically an impossibility to obtain wire having exactly 100 meshes 
to the linear inch, any sieve will be considered standard which contains from 
96 to 100 meshes to the linear inch and is made of brass wire of the proper diam- 
eter (0.0045 inch). Similarly the No. 200 sieve (200-mcsh) should contain 
between 192 and 208 meshes to the linear inch and lie made of brass wire 0.0021 
in. in diameter. The spacing should lie regular, and in purchasing a new lot 
of sieves the number of meshes in eairh should lie counted, and the cloth examined 
for irregularities. The sieves should lie about 8 ins. in diameter, 2| ins. deep 
and provided with a cover and a pan 2 ins. deep. The standard specifications 

^ Chemical and Industrial Engineer, Baltimore, Md. 
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and the U. S. Government specifications require the following degree of fine- 
ness: 

Cement. 

Residue on No. 200 sieve, not over 22% 

There are now no longer any requirements as to fineness where listed with 
the No. 100 sieve. 

The method of making the test is as follows: The cement to be tested is dried 
for one hour, in an air bath, at a temperature of from 100 to 110** C. (212 to 
230** F.) ; 60 grams of this are then weighed into the No. 200 sieve, which should 
also contain a few large (B.B. size) buck-shot and have its pan attached. The 
cover is now placed on the sieve and the latter held in one hand, in a slightly 
inclined position, and moved forward and backward, at the same time striking 
the side gently with the palm of the other hand, at the rate of about 160 strokes 
per minute. The operation is continued until not more than one-tenth of 1% 
(0.05 gram) passes tlirough after one minute of continuous sieving. The residue 
is then weighed, placed on the No. 100 sieve and the operation repeated. The 
results should bo reported to the nearest tenth of 1%. 

Specific Gravity. The standard instrument for determining specific gravity 
is the one designed by Le Chatelier, which is shown in Fig. 93. This consists 
of a flask f)f 120 cc. capacity, the neck 
of which is about 20 cm. long. In the 
middle of this neck is a bulb, above and 
l)eh)W which are two marks. The 
volume between these marks is 20 cc., 
and the neck, which has a diameter of 
9 cm., is graduated into tenths of cc. 
aJjove the bulb. 

In making the determination, which 
can be done in either of two ways, 
benzine (02*’ B6. naphtha) or kero.sene 
free from water should be used, and the 
sample of cement should be dried for 
at least one hour at from 100 to 1 10** C. 
and cooletl to room temperature. To 
make the test fill the flask to the mark 

E with the liquid, next weigh out Cliatelier’s Specific Gravity Apparatus, 
exactly 04 grams of cement and intro- 
duce into the neck of the flask by means of a funnel. The funnel stem should 
reach below the mark, F, on the stem, so that should any of the liquid fall against 
the side of the neck, it will be below the space eventually occupied by the liquid. 
The cement is added cautiously towards the last until the liquid fills the bulb, 
C, and ruses to the mark, F, on the stem. The remainder of the eement is then 
weighed, and from this the weight of cement which displaces 20 cc. is calculated. 
From which 

_ ._ Difference 

Specific gravity = 

Instead of the above method the operator may add the entire 64 grams of 
cement. This will bring the surfs.ee of the liquid to one of the divisions ou the 
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neck above the mark, F, This reading on the neck plus 20 will give the number 
of cc. displaced by 64 grams of cement. Then: 

Specmc gravity on nS' 


Care must be taken to keep the temperature of the liquid constant during 
the test. 

The standard specifications reqxiire a specific gravity of at least 3.10. 

Normal Consistency. In order to praperly nuikc tlie pastes and nioi-tars 
used in the following tests, the amount of Avater to be used to make ji i)aste or 
mortar of a definite state of plasticity, ealh^l "Normal Corisistenc.A’,’' must be 
determined. The "standard siwcification" prescribes for doing this the Vicat 
needle. This consists of a frame, A', Fig. 94, bearing a movable rotl, L, with 
the cup, ..4, at *>nc end, and at the other, the cylinder, A, 1 cm. (0.39 in.) in 

diameter, the cap, rod, and cylinder 
weighing 300 grams (10..')8 oz.). The 
rod, which c.an be hehl in any de.sired 
]>osition by a screw, F, carries an indi- 
cator, which moves over a scale (grad- 
uated to centimeters) attached to the 
frame, K. The paste is held by a 
conical, hard rubber ring, /, 7 cm. 
(2.76 ins.) in diameter at the base, 
4 cm. (1.57 ins.) high, resting on a 
glass plate, J, about 10 cm. (3.894 
ins.) s(iuare. 

Five hundred grams of cement are 
placed on the mi.xing slab, which 
should bo about 24 ins. square, and 
of plate glass or sheet brass. A 



VICAT NEEDLE. Crater is then fonned in the center, 

Fio. 94. into which the proper ixircentagcj of 

clean water is i)oured, and the material 
turned into this crater by the aid of a trowel. As s(x>n as the water has bc'on 
absorbed, which .should not require more than one minute, the operation is com- 
pleted by a vigorous kneading with the hand.s, for one and a half minutes, the 
pr<)ce.ss being similar to that used iij kneading dough. A sand-glass affords a 
convenient guide for the time of kneading. The hands should be protected by 
rubber gloves. 


The paste is now formed into a ball, pressed into the rubber ring, through 
the larger opening, smoothed off and placed (on its large end) on a glass plate 
and the smaller end smoothed off with a trowel. The paste, confined in the ring, 
and resting on the glass plate, is placed under the rod having the cylinder, 
which is brought in contact with the surface and quickly rcloa.sed. The paste 
is of normal consistency when the cylinder penetrates to a point in the rnnjaa 
10 mm. below the top of the ring. Great care should be taken to fill the ring 
exactly to the tup. 

Probably the majority of cement testers determine normal eonsistency by 
the ball test. This consists in forming the paste into a ball and dropping it 
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onto the table from a height of 18 ins. If of normal consistency the ball will 
neither flatten nor crack — ^the former if too wet and the latter if too dry. Most 
cements require about 20 to 24% of water for normal consistency. 

The proper percentage of water for sand mortar is found from the following 
table, the first column of which gives the percentage of water found by trial 
as above to give normal consistency, and the second column shows the per- 
centage of water for sand mortar. 


Percentage op Water for Standard Sand Mortar 



One coin<‘iit, 
three standard 
Ottawa sand. 

Ntfat. 

One cement, 
three standanl 
Ottawa sand. 

15 

9.0 

23 

10.3 

16 

9.2 

24 

10.5 

17 

9,3 

25 

10.7 

18 

9.5 

26 

10.8 

19 

9.7 

27 

11 0 

20 

9.8 

28 

11.2 

21 

10.0 

29 

11.3 

22 

10.2 

30 

11.5 


Setting Time. In making the tost, a paste of normal oonsistonoy is moulded 
and placed under the rod, L, Fig. 94, as descri!>ed nlM>ve; this rod, hearing the 
cap, 7), at one end and needle, //, 1 mm. (f).03J> in.) in diameter, at the other, 
weighing .’MX) grams (10.5S o«.). The needle is then carefully brought in con- 
tact with the surface of the paste and quickly relen.s(‘d. 

'Phe cement has its inifinl set when the needle ceases to pa.s.s a ix)int 5 mm. 
above the glass plate, in one-half minute after l)cing released, and its final set 
the moment the needle cea.scs to sink visibly into the moss, 

A simpler test, devised by Gen. Gilmore, is much mon^ u.se<l than the above 
and consists of mixing cakes of neat cement, 

3 ins. in diameter and J in. thick, to the 
consistency shown by the ball test and 
observing when thej’’ will bear a needle in. 
in diameter weighted with J pound. 'Phis 
is noted at the initial set. The final sot is 
the time after which they will bear a nec<lle 
in. in diameter weighted with 1 lb. In 
both esuses the set is the time exj>re.ssed in 
minutes between the mixing of the mortar 
and the failure of the needle to penetrate 
the surface. 

The standard specifications call for a min- Fia. 95. — Gilmore Needles, 
imum initial set of 45 minutes, when the Vicat 

needle is u.sed or sixty mitiutcs where the Gilmore needle is used. The final set 
shall lx; attained within ten hours. 

Fig. 95 shows the Gilmore needles. The pats .should be made with a flat 
top (so as not to catch the edge of the needle as shown in Fig. 96) and if made 
to taixir towards the edge may be used for the soundness test also. They should 
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be kept in a moist eloset or under a damp cloth to prevent drying out. A largo 
covert tin box containing a wet sponge makes a good moist closet. 



Fia. 96. — Pat for Determining Setting Time and Soundness. 


Soundness or Constancy of Volume. For this test, which is intended to 
show the endurance of concrete made from the cement, pats about 3 ins. i i 
diameter and i in. thick at the center, and tapering to a thin edge should be 
made upon a clean glass plate 4 ins. square. The paste from which the pats 
are made should be of nonnal consistency and they should be allowed to harden 
twenty-four hours in a moist closet. At the end of this time they should l)c 
exposed in an atmosphere of steam, 1 in. above boiling water, in a loosely covered 
vessel for three hours. At the end of this time the pats should show no signs 
of cracking, distortion, or disintegration. Distortion has not taken place if 



Fig. 07. — ^Appearance of Fata Made from Sound and Unsound Cement after Steaming. 


the pat sticks to the glass plate. Should it leave the plate, however, distortion 
may be detected by applying the edge of a ruler to the under side of the pat. 

Fig. 97 shows six pats which have been steamed. Pats E and F have almost 
entirely disintegrated, while B is somewliat better and A and D almost sound. 
Fat C has stood the test successfully. 

The cold-water test is also used (principally as a check upon the steam 
test) and consists in inunersing a pat (similar to that used for steam) in cold water 
for twenty-eight days, at the end of which time it should show no signs of 
cracking, distortion, or disintegration. 
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The cracks due to disintegration should not be confused with those due to 
drying of the pat. The former are wedge shaped and radiate from the center 
of the pat, while the latter are usually running across the middle of the pat or 
around its edges. Shrinkage cracks due to drying are usually developed in a 
day or so, and are due to too thin (wet) a paste. Disintegration cracks rarely 
appear until after two or three days, and are duo to expansives in the cement. 
The cracking of the glass to which the pat is attached during boiling means 
nothing to condemn the cement, and is due 
merely to unequal expansion of the pat 
and glass by the heat and a 6rm adhesion 
of the one to the other. 

Where only a few tests have to be 
made, a convenient form of boiler consists 
of a tin bucket provided witli a tin top. 

A few holes to ijcrinit exit of the steam 
are made in the top and a shelf of wire 
not or perforated tin is placed in the 
bucket. Tlie pats are s(it on this and 
should bo at least 2 ins. above the water. 

Tensile Strength. The tensile strength 
of cement is tested both neat and with 
sand. In both tests the paste or mortar 
is moulded into a test -piece called a bri- 
quette, shown in Fig. 9S, the least cross- 
scjction of which is 1 sq.in. in area. The 
moulds (h’ig. 95)) should be made of brass 
or bronze. They are made to jjermit of 
the making of but one britiuctte at a time 
(single moulds) or to permit of moulding a details for briquette. 

number of bruiuettes simultaneoush'’ (gang Fjg. 98. 

moulds). 

The mort.'ir is mixed just as described under the heafling “Normal (Con- 
sistency,” about 12.5 grams of cenuint being used for eac-h neat briquette, or 500 
grams for a gang of four bri(|uettes. 

Immediately after mixing the mortar or paste, the moulds should be fdled, 
tl'.e material i)ressed in firmly with the fingers and smoothed off with a trowel 




DETAILS FOR GANG MOULD. 

Fiti. 99. 


without ramming; the material 
should be heaped up on the 
upper surface of the mould, and, 
in smoothing off, the trowel 
should be dra\\Ti over the mould 
in such a manner as to exert a 
moderate pressure on the excess 


materials. The mould should be turned over and the operation repeated. 


The moulds containing the briquettes should then be kept in a moist closet. 


or under a damp cloth until the briquettes have hardened sufficiently to remove 


from the moulds, usually in about four to eight hours. On removal from the 


mould, the briquettes should be kept in the moist closet until they are twenty-four 
hours old, when, with the exception of the one-day briquettes, which are broken 
inuncdiately, they should be placed in water, kept at as near 21° C. as possible. 
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The briquettes are then removed from the water at intervals and immediately 
broken by means of some form of testing machine. Fig. 100 shows the Fair- 
banks cement-testing machine. In this nmchine the briquette is held in the 
clips, iV and N, and a stress is applied to it through the levers, C and R, by the 
weight of fine shot falling into the bucket, F. After the specimen breaks the 
stress required to rupture it is found by weighing the shot; the beam, R, being 
graduated for this purpose. In placing the briquette in the clips great care 

must be exercised to center it properly, as 
cross strains tend to lower the breaking 
strength. The briquettes must be broken 
as soon as they are removed from the 
water and the flow of shot into the bucket 
should be so regulated as to represent a 
load of about 600 lbs. per minute. 

Fig. 101 shows the lliehl4 automatic 
cement-testing machine. This is a new 
tjqMj of maoliine which is coming into general 
use for cement testing, as it does away 
with some of the errors in the older form. 
In this tjqKj, the initial load is avoided by 
balancing a bucket of shot against a weight 
and the load is applied to the test specimen 
by allowing the shot to run out of the 
bucket. The load acting through the levers 
breaks the bri(juette when the shot is cut 
off by means of an automatic valve. The 
shot flowing out of the bucket are caught 
in a large cup resting on a spring scale 
which registers the load. This can be read 
as soc»n as the briquette breaks. The beam 
.should be kept horizontal by means of tlie 
lever and wonn gear as shown by the pointer on the beam. 

Briquettes arc usually broken in scries from two to five each. The periods of 
breaking are after one day, seven days, twenty-eight days, three months, six 
months, one year, two years, three years, five years, ten j-^ears, etc. The tests 
of one year and upwards are usually called long-time tests. In some laboratories 
only one-day, seven-day and twenty-eight-day tests arc made. The one-day 
briquettes are broken exactly twenty-four houi-s after they are made, the seven- 
day briquettes .seven days after, etc. 

Sand briquettes are nuide of a mixture of one part cement and three of 
standard sand, and thc.se are first mixed dry and then the water is added and 
the moulding done as for neat briquettes. The standard sand at the pre.scnt 
time is a natural sand from Ottawa, III., which is obtained from the Ottawa 
Silica Sand Co., Sandusky, O. It should be screened to pass a sieve made of 
wires 0.0165 in. in diameter and of 20 meshes to the linear inch and to be 
retained by a 30-mesh sieve (of 0.0112 in. diameter wire). Some testers, how- 
ever, use crushed quartz, such as is used in the manufacture of sand-paper 
sized to pass a No. 20 sieve and be retained on a No. 30. The Ottawa sand’ 
however, gives the higher results. No sand briquettes are usually broken for 
twenty-four hour periods. 
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The standard specifications require a minimum strength of 200 11 )s. with 
sand after seven days, and 300 with sand aft()r twenty-eight days, and also that 
the average figures in ea.ch case must be higher for the latter than for the fonner 
period. 

The standard specifications now do not require a neat test to be made, but 
it is usually done for information. 


I 


Notes. After use, the moulds should be scraped free of hardened cement 


with a piece of soft metal (such as 
copper or zinc), brushed off with a 
stiff blacking brush, and wiped with a 
cloth and a little machine oil. 

Neat briquettes should be marked 
with a stencil so as to identify them, 
and the sand briquettes placed in the 
water below the neat ones in such a 
manner as to identify the former. 
Usually the sand briquettes are placed 
edgewise in the water, and the cor- 
responding neats are placed edgewise 
on top of the sand. 

Small troughs or tanks consisting 
merely of galvanized iron pans, 3 ins. 
deep, may be purchased and will an- 
swer where only a few tests are to 
be made. Otherwise shallow wooden 
trouglis lined with zinc will be found 
convenient. They may be placed one 
above the other. 



Fig, 101. 

Kichlii .Vutomatic Ccmcnt-tcsting Machine. 


Apparatus Needed for Cement Testing, 'ihe following apparatus will 
be needed for cement testing: 


1 . Apparatus for specific gravity, Ixi Chatclier’s. 

2. Scale for fineness. 

3. Sieve — 1(K) mesh, standard. 

4. Sieve — 200 mesh, standard. 

5. Vicat ajiparatus (or Gilmore needles). 

6. Trowel — 8 ins. 

7. Rubber gloves. 

8. Measuring glass — 500 cc. capacity. 

9. Slab of glass (or brass), 21X24 ins. 

10. Scale, capacity, 1000 grams. 

1 1 . Woiglits for above scale. 

12. Glass plates — 4X4 ins. 

13. Moulds. 

14. Testing machine. 

15. Standard sand. 

16. Galvanized iron pan, 24X24X13 ins. 
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STANDARD METHOD FOR CHEMICAL ANALYSIS OF 

PORTLAND CEMENT 1 

Solution 

One-half gram of the finely powdered substance is to be weighed out and, 
if a limestone or unburned mixture, stnmgly ignited in a covered platinum cru- 
cible over a strong blast for fifteen minutes, or longer if the blast is not powerful 
enough to effect complete conversion to a cement in this time. It is then trans- 
ferred to an evaporating dish, preferably of platinum for the sake of celerity in 
evaporation, moistened with enough water to prevent lumping, and 6 to 10 cc. 
of strong HCl added and digested with the aid of gentle heat and agitation until 
solution is complete. Solution may be aided by light pressure with the flattened 
end of a glass rod.* The solution is then evaporated to dryness, as far as this 
may be possible on the bath. 


Silica (Si02) 

The residue without further heating is treated at first with 5 to 10 cc. of 
strong HCl, which is then diluted to half strength or less, or upon the residue 
may be poured at once a larger volume of acid of half strength. The dish is 
then covered and digestion allowed to go on for ten minutes on the bath, after 
which the solution is filtered and the separated silica washed thoroughly with 
water. The filtrate is again evaiKirated to dryness, the residue, without fur- 
ther heating, taken up with acid and water and the small ain(»unt of silica it 
contains separated on another filter paper. The papers containing the residue 
are transferre<l wet to a weighed plutinuin crucible, dried, ignited, first over 
a Bunsen burner until the carbon of the filter is completely consumed, and finally 
over the blast for fifteen minutes and checked by a further blasting for t(!n 
minutes or to constant weight. The silica, if great ac(mra(;y is desired, is treated 
in the crucible with about 10 cc. of HH and 4 drops of HaS 04 , and evaporated 
over a low flame to coiuidete dryness. The small residue is finally blasted, for 
a minute or two coohid and weighed. 'Fbe difference between this weight and 
the weight previously obtained gives the amount of silica.* 

Alumina and Iron (ALO.^ and Fe 203 ) 

The filtrate, about ‘ir^O cc., from tlni s(;cond evaporation for Si02, is made 

alkaline with NILOII after additig IICl, if need be, to insure a total of 10 to 15 

cc. of strong acid, and boiled to expel exco-ss of NH», or until there is but a faint 

odor of it, and the precipitated iron and aluminum hydrates, after settling, are 

washed once by tlocantation and slightly on the filter. Setting aside the filtrate, 

the precipitate is dis,solved in hot dilute HCl, the solution passing into the 

• 

^ Method Suggested for the Analysis of Ijimestones, Haw Mixtures, and Portland 
Cements by the (Jommittee on Uniforinity in '^leehnioal Analysis with the Advice 
of W. F. Hillebrand. 

* If anything remains undecomnosed it should be separated, fused with a little 
Na2C(\, dissolved and added to tne original solution. Of course a small amount of 
separated non-gelatinous silica is not to be mistaken fcir undeeomposed matter. 

* For ordinary control in the plant laboratory this correction may, perhaps, be 
neglected; the double evaporation, never. 
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beakfir in which the precipitation was made. The aluminum and iron are then 
repro(!ipil.ated by Nll4()li, boiled and the s<;cond proedpitate collected and washed 
on the same filter used in the first instance. The filter paper, with the pre- 
cipitate, is then placed in a weighed platinum crucible, the paper burned off 
and the precipitate ignited and finally blasted five minutes, with care to pre- 
vent reduction, cooled and weighed as AU0s-|-Fe20a.* 

Iron (Fe 203 ) 

The combined iron and aluminum oxides are fused in a platinum crucible 
at a very low temperature with about 3 to 4 grams of KHSO«, or, better, NaHSOi, 
the melt taken up with so much dilute HaSOi that there shall be no less than 
5 grams absolute acid and enough water to effect solution on heating. The 
solution is then evaporated and eventually heated till acid fumes come off 
copiously. After cooling and redissolving in water, the small amount of silica 
is Altered out, weighed and corrected by IIFl and HgSOi.* The filtrate is reduced 
by zinc, or preferably by hydrtjgen sulphide, boiling out the excess of the 
latter afterwards while passing (X)] through the flask, and titrated with per- 
manganate.* The strength of the permanganate solution should not be greater 
than .0040 gram FejOj per cc. 


Lime (CaO) 

To the combined filtrate from the AbOa-fFejOs j)recipitato a few drops of 
NII4OTI are added, and the solution brought to boiling. I'o the boiling solution 
20 cc. of a saturated solution of ammonium oxalate are added, and the boiling 
continued until the precipitated C’aC204 assumes a well-definocl granular form. 
It is then allowed to stand for twenty minutes, or until the ]>rccipitate l;as 
settled, and then filtered and washed. The precipitate and filter are plac’cd 
wet in a i)latinum cnicible, and the paper burned off over a small flame of a 
Bunsen burner. It is then ignited, rcclissolvcd in TK'l, ami tl.o solution n.ade 
up to 100 cc. with water. Ammonia is added in slight excess, and the lifiuid 
is boiled. If a small amount of AL/Is separates, this is fillert*d out, weighed, 
and the amount added to that found in the first tletcnnination, when greater 
accuracy is desired. The lime is then reprecipitated by ammonium oxalate, 
allowed to staml until settled, filtered, and washetl,* weighed as oxhle by ignition 
and blasting in a covered crucible to constant weight, or determined with dilute 
standard permanganate.* 

Magnesia (MgO) 

The combined filtrates from the cahaum precipitates are acidified with IICl 
and concentrated on the steam bath to about I.IO cc., 10 cc. of saturated solution 

* This jirecipitatc contains Ti02, P2O6, Mn304. 

* This correction of Al2t)2Fc2()2 for silica should not be moile when the HFl cor- 
rection of the main silica has been oinitted, unless that silica was obtained by only 
one evaporation and filtration. After two evaporations and filtrations 1 to 2 milli- 
grams 01 8 iO« are still to be found with the Al2()2Fe2()s. 

* In this way only is the influence of titaniunt to be avoided and a correct ro.suIt 
obtained for iron. 

* The volume of wash-water should not be too largct,* vide W. F. Hildebrand. 

*The accuracy of this method admits of criticism, but its convenience and 

rapidity demand its insertion. 
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of Na(NH 4 )TTP 04 are added, and the solution boiled for several minutes. It 
is then removed from the flame and cooled by placing the beaker in ice water. 
After cooling, NH4OH is added drop by drop with constant stirring until the 
crystalline ammonium-magn(>sium ortho-phosphate begins to form, and then 
in moderate excess, the stirring being continued for several minutes. It is then 
set aside for several Itours in a cool atmosphere and filtered. The precipitate 
is redi.ssolved in hot dilute IICl, the solution nmde up to 100 cc., 1 cc. of a sat- 
urated solution of Na(NH 4 )HP 04 added, and ammonia drop by drop, with 
constant stirring until the precipitate is again h)rmed ns described and the 
arnniouia is in moderate excess. It is then allowed to stand for about two hours, 
when it is filtered on a paper or a Gooch crucible, ignited, cooled and weighed 
as MgaPjOy. Portland cement must not contain more than 4% magnesia. 

Alkalies (K 2 O and Na20) 

For t}i<i determination of the alkalies, the well-known method of Prof. J. 
Lawrence Smith is to be followed, either with or without the addition of CaCO* 
with NILC’l. 


Anhydrous Sulphuric Acid (SO3) 

One gram of the siibstancc is dissolved in 15 cc. of IICl, filtered and residue 
waslu'd thoroughly.* 

1'he solution is made up to 2.50 cc. in a beaker and boiled. To the boiling 
solutifui 10 cc. of a saturated solution of liaCl* are added slowly drop by drop 
from a pipette and the boiling continued until the precipitate is well forme(l, 
or digestion on the steam bath may be substituted h>r the boiling. It is then 
set aside over night, or for a hnv hours, filtered, ignited and weighed as HaS 04 . 
Both siMJcifications require cement to contain not more than 1.75% SO 3 . 

Total Sulphur 

One ptram of the material is weigh(ul out iti a large platinum cnzcible and fused 
with Na-A'Oa and a little KNOa, being careful to avoid contamination from sul- 
phur in the gases from source of heat. This may be done by fitting the crucible 
in a hole in an asbestos board. The melt is treated in the crucible with boiling 
water and the liciuid poured into a tall, narrow beaker and more hot water 
added until the m<ass is disintegrated. The solution is then filtered. The fil- 
trate etzutained in a No. 4 beaker is to be acidulated with and made up to 
2.50 cc. with distilled water, boiled, the sulphur precipitated as BaS 04 and allowed 
to stain I over night or for a few hours. 

Loss on Ignition 

Half a gram of cement is to bo weighed out in a platinum crucible, placed 
in a hole in an asbestos board so that about three-fifths of the crucible projects 
below, and blasted fifteen minutes, preferably with an inclined flame. The 
loss by weight, which is ch(*cked by a second blasting of five minutes, is the loss 
on ignition. This must not bo more than 4%. 

* Evaporation to dryness is unnecessary, unless gelatinous silica should have sepa- 
ratod, and should never be performed on a bath heated by gas; vide W. F. HUdobrand. 
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May, 1903: Recent investigations have shown that large errors in results 
are often due to the use of impure distilled water and reagents. The analyst 
should, therefore, test his distilled water by evaporation and his reagents by 
appropriate tests before proceeding with his work. 

Insoluble Residue 

In addition to the above the U. S. Government specifications require the 
cement to show not more than 1% ’ isoluble residue as determined below. 

A 1-gram sample is digested on the steam bath in HCl of approximately 
l.()3.'i sp.gr. until the cement is dissolved. Th(< residue is filtered, washed with 
hot water, and the filter paper and contents digested on the st(*!uu bath in a 
5% solution of sodium carbonate. The residue is then filtered, washed with 
liot water, then with hot IK’l (1.035 sp.gr.) and finally with hot water, then 
ignited at a red heat and weighed. The quantity so obtained is the insoIul)le 
residue. 


RAPID METHOD FOR CHEMICAL ANALYSIS OF 
PORTLAND CEMENT* 

Before submitting the cement to a chemical analysis it should bo pa.s.scd 
through a No. 1(X) test sieve to free it from ])ie<*es of clinker too large to be 
quickly attacked by the acid. 

Weigh 0.5 gram of cement into a wide i)latinuiu or jiorcel.aiu dish. The 
former is the more expensiv^e of the two, but it is a better conductor of heat 
and there is no danger of contaminating the s<)lution with silicti, etc., from the 
dish, if the evaporation is conducted in platinum. The silica can also be 
entirely removed from a platinum dish. Now stir up the sample of cement in 
the dish with 10 cc. of cold water until all lumps are broken uj), and add imme- 
diately 10 cc. of cold dilute hydrochloric acid (1 : 1). Place the tlish on a water 
bath and evaporate to dryness, stirring occasionally. The water bath w'ill 
evaporate as fast as anything else and there is no danger of the silica’s simtter- 
ing, which it is apt to do, uiiUkss the operation is very carefully Avatched, Avhen 
a hot plate is used. As soon as the contents of the dish are drj', cool, add 10 
cc. of dilute hydrochloric acid and 30 cc. of Avater, digest five or ten minutes on 
the hot plate, filter ami Avash ten times Avith hot Avatcr. IN'aporato the filtrate 
t<i dryness. Cool, add 10 cc. of dilute hytlrochlori<; aciil and 50 cc. of Avatcr 
to the contents of the dish, cover Avith a Avatch-glass and digest on the hot plate 
for five or ten nunutes. Filter off the slight residue of silica on a 0-cm. filter, 
wash well (sc'ven to ten times) Avith hot AA'ater and put in a weigluid platinum crucible 
together with the silica f>btained from the first filtration. Ignite over the Bun.sc‘n 
burner until all the filter paper is consumed and then ignite strongly oA'er a 
blast lamp for ten minutes. Ct)ol in a desiccator and Aveigh as SiOj; multiply 
the weight by 200 for per cent of silica, HiO*. 

Heat the filtrate to boiling and add a faint but distim;t cxco.ss of ammonia. 
This can bo most conveniently done by means of a bottle, fitted AA'ith a siphon 
tube, the end of which terminates in a jet, connected t.<) it by a short piece of 
rubber tubing, which is closed by a pinch cock. The bottle stands on a shelf 

^ Methcxl used in the laboratories of most cement companies and for routine 
work. 
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over the reagent table, and the siphon extends to within six inches of the sui>- 
lace of the table. The beaker is placed under the jet, and the ammonia can 
be very carefully and conveniently added by pressing the pinchcock. ^ After 
adding the anunonia replace the beaker on the hot plate and boil for five minutes. 
Remove from the hot plate and allow the precipitate to settle. Filter onto 
an 11 -cm. filter paiier and wasli once with hot water to collect the precipitate 
in tlie cone of the filter. Invert the funnel over the beaker in which the pre- 
cipitation was made and wash practically all of the precipitate into this, allowing 
the filter to remain in the funnel. Dissolve the precipitate in 20 cc. of 10% 
nitric acid (1 : 10) and dilute the solution to 100 cc. Heat to boiling and rei)re- 
cipitate with ammonia as before. Boil for five minutes, allow the jirecipitate 
to settle and filter through the same filter paper as used for the first precipitation. 
Wash once with hot water. Ignite carefully in a weighed crucible over a Bunsen 
burner aiul finally blast for five minutes. Cool ami weigh as combined oxides 
of iron and alnniina, I'ViOa-l-ALOa. This precipitate also contains manganese 
dioxide, phosphoric and titanic acids, all of which are pre.sent in small quantities 
in the cement. Detennine the iron oxide as directed further on, and deduct 
from the combined weights for the alumina, Abtls (phosphoric acid, titanic 
acid, etc.). 

Make the filtrate from the iron and alumina alkaline with ammonia; boil 
and add 20 cc. of boiling saturated ammonium oxalate solution (or better, 3 grams 
of solid ammonium oxalate <lissolved in 2.5 .50 cc. of boiling wati'r just ])rior to 
use). Stir well, allow fifteen minutes to settle, filter on an 11-cm. filter, and 
wash ten times with hot wati'r, using as little as possible (about 100-125 cc.) 
to do the work well. Proceed as in A or B. 

A. (Iravimetric. Place the jirecijiitate in a weighed platinum crucible, 
ignite, ami weigh, after ignition over a blast-lamp to constant weight, as cal- 
cium oxide, (’a(). Beport as such. 

B. Volumetric. Transfer the jniper and jweeipitate to the beaker in which 
the latter was formed, and ojiening, spread it out against the upper side of the 
beaker. Wash the precipitate off the paiM>r with a jet of hot water, fold the 
pajier over, a<ld .50 cc. of dilute (10%) sulphuric .acid (1 : 10) to the contents 
of the beaker, dilute to 1.50 cc. and heat until the licjuid is between (50 and 90° 
C’. Titrate with permanganate solution until the pink color is produced. All 
this time the pajMir should bo sticking to the w.alls of the beaker. Now drop 
this into the solution and stir. The pink color of the latter will bn discharged. 
Finish the titration ver>' tairefully by adding pennanganate, a drop at a time, 
and calculate the lime. 

If the filtrate from the lime me.asures over 2.50 cc., acidify and evaporate until 
this bulk is reached. This can be rajiidly done by using a large (8 in.) i>orcelain 
<lish in the following maimer: Place a piece of wire gauze on a trii>od and in the 
<‘cnter of this a round piece of thin a.sbestos paper about the size of a silver 
ilollar. Now place the dish on this ami a liunsen burner turned fairly low 
under the asbestos <lish. The contents of the dish can then be made to evapo- 
rate rapidly, without boiling, by regulating the flame. When the solution 
measures 250 cc., transf<*r to a beaker. If necess.ary, cool and, when perfectly 
cold, add 1.5 cc. of a 10% solution of sodium phosphate and 2.5 cc. of strong 
ammonia. Stir thoroughly and set aside in a cool place for at least six hours. 
Filler, wash with a mixture of water 8(X) cc., ammonia (0.96 sp.gr.) 200 cc., and 
ammonium nitrate 100 grams; place in a weighed platinum or porcelain crucible 
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ftnd ignite over a low flame until all carbon is burned off. (Do not use the 
blast lamp.) Cool in a desiccator and weigh as magnesium pyrophosphate, 
which weight multiplied by 72.38 gives the percentage of magnesia, M^. 

Weigh 1 gram of finely ground cement into a small beaker and add 15 cc. 
of dilute hydrochloric acid, heat from ten to fifteen minutes and add a little 
water/ Heat to boiling and filter ^ through a small filter, washing the residue 
well with water and catching the filtrate and washings in a small beaker. Add 
to the solution 5 cc. of dilute hydrochloric acid and bring to a boil. Add care- 
fully, drop by drop, stannous chloride .solution (25 grams in 100 cc. of dilute 
1 : 3 hydrochloric acid) until the last drop makes the solution colorlc.ss. Add 
3 drops in excess. Remove from the burner and cool the liquid by setting in 
a vessel of cold water. When nearly cold, add 15 cc. of saturated mercuric 
chloride solution and stir the lujuid with a glass rod. Allow the mixture to 
stand for a few minutes, during which time a slight white precipitate should 
form. Run in standard bichromate solution carefully from a burette until a 
drop of iron solution t(‘sted with a drop of 1% solution of iiotassium fern- 
cyanide no longer shows a blue, but instead a yelloAV color. Multii)lj^ the 
number of cc. of bichromate used by the ferric oxide eqiiivalent per cc, of the 
bichromate and divide the product by the weight of the sample. 'Ute result 
multiplied by 100 gives the per cent (»f the ferric oxide in the cement. The 
most convenient strength for the standard bichromate solution is 3.074 grams 
of the salt to the liter. One cc. of this solution is etiuivalent to 0.005 gram 
ferric oxide. It .should be standardized against iron wire or ferrous ammonium 
sulphate. 

Weigh 1 gram of the sample into a .small dry beaker and stir it up v itli 
U) cc. of cold water until all lumps arc broken up and the lighter particles are 
in suspension. Add 7.5 cc. of dilute (1:1) hydrochloric acid and heat until 
solution is complete. Filter through a small paj)er and wash the residue thor- 
oughly. Dilute the filtrate to 250 cc., heat to boiling, and add 10 cc. of boiling 
10% barium chloride solution. Stir well and allow to staml overnight. Filter, 
ignite, and weigh as RaSOi, which, multiplied bv 34.29, gives the percentage of 
SO,. 

Place one-half gram of the cement in a clean platinum crucilile which has 
been previously ignited to redness and cooled in a desiccator. Cover with the 
lid and weigh. Ignite for fifteen minutes over a good blast lamp. Rinse off 
the crucible lid with hot water to remove volatile salts condensed on the latter. 
Ignite the lid to redness and cool the crucible and lid in a desiccator. Weigh 
and the lass in weight multiplied by 200 is “loss on ignition.” 

For the alkalies in cement see analysis of clay. 

^ May be omitted if the cement practically all dissolves. Most cements do. 
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RAPID METHOD FOR CHECKING THE PERCENTAGE OF 
CAIXIUM CARBONATE IN CEMENT MIXTURE 

The following rapid method is generally used in the cement industry for 
checking the composition of the ground mixture of raw materials before these 
are fed into the kiln. 


Standard Alkali 

This should he exactly 2/.5 normal and may be prepared in any convenient 
manner. Usually 8 or 10 liters are ma<le up at one time and kept in a bottle 
provided with a siphon tube and with a layer of coal oil on top of the solution 
about J- in. thick to prevent the absorption of carbon dioxide by the caustic 
soda. 

Phenolphtlialein sliould 1)0 used as an indicator. A 1% solution of this is 
cmj)loyed. 

One cc. of 2'.'} X alkali is eqTiivalent to exactly 0.02 gram of (!a(X)s or to 
2% where l-grarn sjiiuple is used. 


Standard Acid 

'rake the specific gravity of a bottle of hydrochloric acid, using a hydrometer 
for the ])urpose. Hefiir to a table of specific gravities of hydrochloric acid and 
calculate from this the (|uantity of acid necessary to contain 97.0 grams of HCl. 

Measure this quantity of the acid into a liter flask and dilute to the mark, 
pour into an 8-liler bottle and add 7 liters of water, measuring with the flask. 
Mix the contents of the bottle well by shaking. Ten cc. of this solution should 
be e(iuivalent to from 8. 1 to 8.5 cc. of the 2/5 N alkali W'hen checked by adding 
a drop of phenolphtlialeiii solution and running in the alkali to a purple red 
color. Tf its value does not lie between thest^ figures add acid or water to wmlfft 
it of this strength. 


Standard Sample 

A standard sample of raw material is necessary to st.andardize the acid and 
alkali for actual use. 'Phis sam))ie should be ground in the same manner as 
the daily run of samples to be checked by the acid and alkali. It should all 
pass a 100-mcsh sieve and be freetl from hygroscopic moisture, by drying for 
some hours, at 1 10° C. Three or four pounds of this sample should bo prepared 
and kept in air-tight jars or bottles. A small sample (1 or 2 oz.) of this should 
be placed in a 2-oz. bottle and stoppered with a rubber cork when not in use. 
This small sample can then be redried for an hour at 100-110° C. and used 
for standardizing, avoiding the frequent opening and mixing of the contents 
of the large jars or bottles. 

After drj'ing, the standard sample should be carefully analyzed. It should 
contain approximately the quantity of carbonate of lime which it is desired to 
have in the mix, and the amount of magnesia should also be normal. When 
the mjignesia viiries at different times, fresh standard samples should be pre- 
pared to contain these varying percentages of magnesia; otherwise the lime 
will be reported incorrectly. 
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Standardizing the Acid 

Wci(;h 1 gram of the standard sample into a f)00-cc. Erlenmeyer flask and 
nm in from a pipette 50 cc. of standard acid. Close the flask with a rubber 
stopper, having inserted through it a long glass tube 30 ins. long and about | in. 
internal diameter. Heat the flask on a wire gauze over a burner as shown in 
Fig. 102 until steam jmt begins < ■ escape from the upper end of the tube. The 
heating should be so regulated ihat the opera- 
tion requires very nearly two minutes, from the 
time the heat applied, until steam issues from 
the tube. Remove the flask from the heat, as 
soon as the steam escapes froiti the tube, anfl 
rinse the tube into the flask, in the following 
manner. Rest the flask, still stoppered, on the 
table and grasp the tube beUveen the thumb 
and for''finger of the left hand. Direct a stream 
of cold water, from a wash-bottle in the right 
hand, down the tube, holding the latter inclined 
at aT> angle of 45", and rolling the flask from 
side t«) side on the table, in sweeps of 2 or 3 ft., 
by twirling the tube between the finger and 
thumb. I'nstopiMir the flask ami rinse off the 
sides and bottom of the stoi)per, into the flask, 
and wash dowm Ihe sides of the latter. Add a 
drop or two of phenolphthalein and run in the 
standard alkali, from a burette, until the color 
changes to purple red. 'I'his color is often 
obscured xmtil the organic, matter settles, so it 
is necessary to hold the flask to the light and 
observe the change by glancing across the sur- 
face. A little practice will easily enable the 
operator to cany on the titration W’ith accuracy and precision. 

If the stamhard sample contains L i>er cent carbonate of lime and d cc. f»f 
alkali arc re<iuired to produce the purple red color, then, to find the carbonate 
of lime in other samples it is only necessarj'^ to subtract the number of cc. of alkali 
rociuired in their case from d, multiply the difference by 2, and add to L for 
the percentage of carbonate of lime in them; or the number of cc. is greater 
than d, subtract d from this number, multiply b}'^ 2, and subtract from L for 
the carbonate of lime. 

In order to avoid all calculations, prepare a table giving the various per- 
centages of carbonate of lime corresponding to flifferont quantities of alkali. 

Determination 

Weigh 1 gram of the sample, which has been ground to pass a 100-mesh 
sieve, into the flask, add 50 cc. of the standard acid and proceed as directed 
under standardizing the acid. The percentage of carbonate of lime may be 
found from the number of cc. of alkali used either from the preceding table or 
by the formula 



Fio. 102. — A[)parafus for Detcr- 
luining C'alciinn Carbonate with 
Acid and Alkali. 


Per cent CaCO» = L-f- (d — <S) X 2, 
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where L and d have the same values as in the paragraph on “Standardizing 
the Acid" and S represents the number of cc. required for the sample whose 
composition is desired. 


ANALYSIS OF LIMESTONE, CEMENT ROCK, LIME, 
ROSENDALE CEMENT, ETC. 

Dr. Porter W. Shimer, of Easton, l*a., modifies the standard limestone sclunno 
by fusing the sample with half its weight of sodium carbonate. Jly Ibis means 
the silicates are decomposed, and yet the quantity of sodium carbonate intro- 
duced into the solution is so small that the lime and magnesia precipitates arc 
not contaminated with sodium salts. Jlelow is the method. 

Silica, etc. Mix thoroughly 0.5 gram of tlnj finely ground sain])le with J 
gram of sodium carbonate. Place over a h)W flame for a f<*w minutes, th(‘n 
gradually raise the flame. Heat ov'cr the full flame for five minutes aiul then 
over the bhist lamp for five minutes. There will be no complete fusion, only 
a sintering. Ihit the crucible in a small beaker or casserole and add IK) ec. of 
water and 10 ce. of hydrochloric acid fsp.cr. 1.10). AVhen the mass is dissolved 
out of the crucible, rinse the latter off into the beaker and reniov'c any adlairing 
matter with a rublicr-tippcd rod. To the solution in the bc'aker or <!ass(irole 
add a little bnnnine water or a few drojjs of nitric; acid, eva])orate to dryness 
and proceed as directed in the analysis of Portland cement. 

For loss on ignition, weigh into a tared plaiinum crucible 0.5 gram of the 
sample. Heat at first over a low flame, then gradually raise the temperature 
and finally ignite over a blast lamp until it ceases to lose weight on r«;heating. 
Report such loss in weight as “lo.ss on ignition." 

To determine iron and alumina separately, fuse the j)recipitated f(;rrie oxide 
and alumina with caustic pedash in a silver crucible or dish. 'Freat wil,h water, 
boil, and filter. Ignite the residue after washing and weigh as ferric oxide. 
This weight subtracted from the combined weight of the ferric, oxide and alumina 
gives the weight of the alumina, Al-Os. 

To determine alkalies in limestone use the method dtsscribed for clay, employ- 
ing 8 grams of the sample and 1 gram of ammonium chloride, but no calcium 
carbonate. 



ANALYSIS OF ALLOYS^ 


JHN C. OlSKN* 

Difficulty of Complete Separation of Elements. As the great majority of 
the substances with which the chemist is called upon to deal are complex rather 
than simple, a careful study of the separation of the elements is of the greatest 
imi)ortancc. Only by the closest attention to details can success be attained 
in the analysis of complex substances. The importance of testing precipitates 
b)r impurities and the solution for unprecipitated portions of an element can- 
not be too strongly urged. Only in this manner can the accuracy of an analysis 
be assurt'd. 

Limit of Accuracy in Analysis. If a complete analysis is made the sum of 
all the constit.uents must be very close to 100%. A summation which is within 
.5% can ge?icrally be obtaiiawl if the analysis is conducted with care and reliable 
methods are used. In general the analysis of an unknown substance should be 
conducted in duplicate. If the duplicate results do not agree within .2 or at most 
.3%, a third analysis should be made. As the error of most determinations is 
at least .1%, it is unnecessary to calculate results to more than hundredths of per 
cent. As the error in each determination of the analysis of a given substance may 
b(i either plus or minus, the imietice of dividing the difference between the sum- 
mation and 100% among the various determinations is not justifiable. 

It is in some cases possible to analyze a substance in such a manner that the 
results are accurate to the hundredth of a per cent. Such results may be computed 
to the .001 of a jMir certt. I'his practice is common in the analysis of metals. 
Large quantities of the metal arc taken, so that consitlerable quantities of the 
impurities wliich are present in small amounts are obtained for determination. 
The results may then l)e accairatc to the hundredth of a per cent. This docs not 
imply a luglujr degree of accuracy in the determination of a giA'en element than 
.1 of a per cent. For exam[)le, if iron were present in coi)per to the extent of 
.5%, a determination of the iron which is accurate to .01% of the impure copper 
would represent an error of -b*,» of the amount of iron present in the copper. In 
giving the results of such analyses the jMinrentage of the main constituent is obtained 
by difference, so that the summation is exactly 100%. 

Analysis of Type Metal 

Alloy of Copper, Lead, Antimony, Tin, with Small Amounts of Iron 

and Arsenic 

Solution of the Alloy. I'o 1 gram of the alloy, which has been cut into small 
shavings with a clean knife, or sampled by means of a clean hack-saw producing 
fine “ ^awings,” arti added 15 cc. concentrated hydrochloric acid. The solution 

* “ (Quantitative Cheinicjxl Analysis, ” 6th Etl, by J. G. Olsen. D. Van Nostrand 
Cutnpany, Publishitrs. 

* Professor in cluirgc of Department of Chemistry, Cooper Union, New York City. 
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is gently warmed on the water bath and a drop or two of concentrated nitric acid 
is added occasionally until solution is effected. All of the metals will be con- 
verted into chlorides which will remain in solution with the ixissible exception of 
lead chloride. An (excess of nitric acid is to be avoided, as it tends to form insoluble 
metastannie acid, which can be readily distinguished from the crystalline lead 
chloride. If metastannie acid forms, the operation must be repeated, using less 
nitric acid or adding it le.ss frequently. After a few trials the correct method of 
adding the nitric acid is soon acijuired. 

Lead. The solution is allowed to cool and then stand at least one-h.alf hour 
or better overnight to allow the lead chloride to cry.stallize out. Ten times the 
volume f)f absolute tdcohol is then added in several portions. After standing for 
about half an hour, the lead chloride is fdtered off on a (Jooch crucible, washed 
with a mixture of 4 parts of 95% alcohol and I part of concentrated hydrochloric 
acid, and finally with pure alcohol. It is dried for three hours at 1 50° and w’eighed. 
The great advantage of this met hod of s<‘parating the lead is that the very trouble- 
some treatment of the sulphides of the metals j)resent with sodium or i)otassium 
sulphide is avoided. The muist difficult part of the oi)eration is the solution of the 
alloy. 

Copper and Iron. The fdtrate from the lead chloride is heated until the alcohol 
is expelled. Two grams of tartaric acid and an e.xcess of ammonia are added 
and the solution warmed until the precipitate dissolves. liy the addition of 5 c<*. 
of saturated h.vdrogen-sulphidc water, the copi)er and the small amount of lead 
still unprecipitated as well as a trace of iron which may be jux'sent may be j)re- 
eipitated without bringing down any of the tin and antimony. The solution is 
warmed and when the dark-color<*d jirecipirate has settled, 1 cc, of the hydrogen- 
sulphide water is atlded to the clear supc'matant liquid. If no further precipi- 
tate is produced, the solution is filterctl and the precipitate washed with water 
containing hydrog<‘n sulphide. 

The precipitate is dissolved in a little Avarm dilute nitric acid and the lead 
separated as sulphate, the nitric acid b(‘ing (jxi)elled by e\'ai)oration after the 
addition of sulphuric acid. The copper is pn*cipita(ed from the filtrate as sulphide 
and if small in amount may lx; ignited and AV(;ighed as oxide. If consitlerable 
copper is present it must be weighed as sui]jhide or without i)recipitation as .sul- 
phide may be separated electrolytically from the iron. One or 2 cc. concentrated 
nitric acid are aildcd and a current of one-half amjiere jiasst'd until all the copiwr 
is precipitated. The iron may then be preciiutated Avith ammonia and Aveighed as 
o.xide. 

Separation of Antimony and Tin. The solution of antimony a»id tin is acidi- 
fied Avith hydrochloric acid, hydrogen .sulphide pas.sed, and the precipitate filtered 
off and washcxl two t)r three times. A hole is made in the point of the filter-paixir 
by means of a glass rod and the bulk of the jMX'cipitate washed into a beaker with 
a little water. Warm dilute hydrochloric acid is ])oured over the paper to dis.solve 
the portion of the precipitate still adhering to the ])aper. The i>recipitnte in the 
beaker is tlLssolved by warming and adding concxintrated hydrochloric acid. The 
hydrogen sulphide is decomix)scd by the addition of a crystal of potas,sium chlorate 
and warming. Some pure metallic iron is added and the solution heated on the 
water bath for about one-half hour or until the iron is nearly dissolved. The pre- 
cipitated antimony is filtered off on a Gooch crucible, a little iron haAung been 
.sprinkled on the a.sbcstos. The precipitate is washed with boiled water to which 
considerable hydrochloric acid has been added. 
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The antimony is dissolved in hydrochloric acid to which a little potassium 
chlorate has been added. I'he solution is warmed to expel chlorine and, after the 
addition of tartaric acid and water, hydrogen sulphide is pas.sed. The antimony 
sulphide is filtered off and washed with water containing a little hydrogen sulphide. 
The moist precipitate is rinsed into a capacious pf)rcelain crucible with water. The 
small portion still adhering to the pai)er is dissolved in a little warm ammonium 
sulphide and the solution allowetl to flow into the cru<‘ible. I'he solution is 
evaporated on the W'ater bath after the addition of a few e<!. of concentrated nitric 
acid. If sulphur separates, a li le licpiid bromine is added when the solution has 
become quite concentrated. When the globule of sulphur has th'.sappeared, expel 
the excess of nitric acid by heating on the hot plate or with the liunsen burner, 
finally heating to full redness. Cool a little, sprinkle some ainmonium carbonate 
over the precipitate, and ignite again to completely expt'l sulphuric acid and weigh 
as antimony tetioxide, SbaOj. 

The antimony may also be weighed as tla; trisulphide, t bsS.!. 'Hie i)recipitatc 
is filtered on a weighed (looch crucible, and liejiled to 1 in a stre.-mi of carbon 
dioxide to exclude oxygen until con.«tant. 

Tin. To precipitate the tin in the filtrate from the antimony the excess of 
hydrochloric acid i.s neutralized with ammonia, the .solution diluted .somewhat, 
warmed, and hydrogen sul]>hidc |)as.setl until the tin is entirely jH-ecipitated. The 
stannous sulphide is washed witli water containing hydrogen sulphide and a f(*w 
grams of ammonium sulphate. It is dried and fletached from the p:ijK‘r which is 
burned. The precipitate and the ash are placed in a weighed porcelain crucible 
and heated very gcaitly with free; access of air until sul])hur dioxide ceases to lx; 
given off. Tho oxidation may 1 e assisted hy the addition of a few dn)|)s of nitric 
acid. Finally the jnecipitate is .strongly heatcsl to expel sulphuric acid, which 
is completely removed by the addition of a little ammonium carbonate and again 
igniting. It is weighed as .st:mnic oxide, SnOj. 

Arsenic. As only a trace of arsenic is present, a .'i-or 10-gram portion of the 
.alloy should be taken for its determinatani. l)is.solve in hydrochloric acid and 
potassium chlorate and warm to expel the chlorine, h'ilter off the lead chloride on 
a.sbestos and wash a few times with dilute Imirochloric acid. Add one-third tho 
volume of concentrated hydrochloric aciil and pass hydrogen sulphide. Filter tiff the 
precij)itate consisting of the sulpliides <»f copjxT and arsenic on asbestos, wash with 
liot water containing hytlrogeii suliihitle and a little hydrochloric acitl. l)is.solve 
the arsenic sul))lnde by washing tho preeijatate with a little warm tiilute ammonia. 
Ev,aporate tho .solution nearly to dryness in a porcelain dish. Oxidize the arsenic 
by wanning with eoncentrated nitric acid, dilute the solution somewhat, neutralize 
with filtered ammonia, and add magne.sia mixture. After standing twenty-four 
hours filter, W'ash, ignite, and w'eigh as maguesium pyroarsenale according to the 
directions given in chapter on Ansenic. See Distillation Method in Apiicndix. 

Analysis of Soft Solder 

Alloy of Lead and Tin, Generally Containing Small Amotmts of Arsenic, 

Antimony, Iron, and Zinc 

Solution of the Alloy. One gram of the alloy is w'eighed out and transferred 
to a beaker of about SOO-cc. capacity. Ten cc. of concentrated nitric acid and 
5 cc. of water are added. The 1 eaker is covered with a watch-crj'stal and heated 
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on the water bath until the alloy is completely decomposed and the nitrous fumes 
are entirely expelled. One hundred cc. of water are added and the solution boiled 
for five minutes and allowed to settle for one hour. The stannic oxide is filtered off 
and washed with hot water. The moist precipitate may be introduced into a 
weighed porcelain crucible, the paper burned in the usual manner, and finally 
heated to redness for ten minutes. 

Tin. When the precipitate has been brought to constant weight, it is fused 
with six times its weight of a mixture of equal parts of sulphur and sodium car- 
bonate. The fused mass is dissolved in hot water and the solution filtered. The 
insoluble sulphides are washed with hot water and treated with a little dilute 
hydrochloric acid and the paper washed with water. If topper is present it will 
remain on the paper and the small amount present may be weighed as CuO after 
burning the paper in a porcelain crucible and igniting the preeijntate. The lead 
is precipitated by the addition of a few drops of sulphuric acid and 25 ec. of alcohol 
to the solution, which should not exceed 50 cc. After standing one hour, the pre- 
cipitate is filtered off on a Gooch crucible, washed with alcohol, dried on the hot 
plate, and weighed. The filtrate is evaiumited until the alcohol is completely 
expelled. ^ Any iron jiresent is procij>itated with ammonia and weighe<l. Hydrogen 
sulphide is passed through the filtrate to pre<*ipitatc any zinc present, which is 
filtered off. J he filtrate from the insoluble sulphides will contain the tin as a 
thiostannate and part of the antimnry present in the alloy as a thioantimonate. 
Ihe solution is boile<i after the addition of caustic soda and hydrogen peroxide 
until it is nearly tlecolorized. On achlifying ami passing hyilrogen sul])hido both 
metals are precipitated as sulphMes. If antimony is present the metals should be 
separated by the method given under Analysis of Typo Metal, page titlt). The 
weight of the imjairities found, computed as oxides, is dc'ducted from the weight of 
the impure stannic oxide. 

Lead. Ihe filtrate from the stannic oxide is transferred to a jxircelain dish, 

5 cc. concentrated sulphuric acid added, and evaporated until fumes of sulphuric 
acid aro evolved. ^ Cool the dish by floating it in cold waiter and add cautiously 
75 cc. of water. Stir thoroughly and add 25 cc. of alcohol. Allf)W the solution to 
stand for at least one hour, filter off the lead sulphate on a weighed Gooch crucible, 
wash with alcohol until free from acid, <lry on the hot plate, and weigh. 

Arsenic and Antimony. The alcohol is completely exix'lled from the filtrate 
by evaporation and any arsenicj present precipitati'd by passing hydrogen suliihide. 

If this preciiMtate is of an orange color instead of pure yellow, antimony is present. 

It should be filtered off and washed with water containing a little hydrochloric 
acid until free from iron and hydrogen sulphide. It is then washed with small 
portions of concentrated ammonium carbonate solution until the arsenic sulphide 
» entirely dissolved. The arsenic is reprecipitated by acidifying the solution with 
hydrochloric acid and passing hydrogen sulphide. It is filtered off on a Gooch 
crucible and washed with water containing h3'drogen sulphide and a little hj’dni- 
chloric acid. The water is removed by alcohol and the iirecipitate digested” with 
carbon^disulphide until sulphur is entirely removed. I'he arsenic sulphide is dried 
at 100“ and weighed. If antimony is absent the treatment with ammonium car- 
bonate IS omitted, the precipitate being filtered off on a Gooch crucible, washed, 
dried, and weighed. If antimony is present it is ignited and weighed as directed 
in page OOO under the Analj'sis of Type Metal. 

Iron. A few drops of bromine water are added and the solution is boiled to oxi- 
dize the iron and to expel the hydrogen sulphide. The iron is then precipitated by 
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making the filtrate alkaline with fih/sred ammonia and warming for a few minutes. 
It is filtered off on a small paper And dissolved by adding a few drops of dilute 
hydrochloric acid. The paper is ishod with about 75 cc. of water in small jwr- 
tions. The iron is reprecipitated nd filtered on the same paper after moi.stening 
with a few drops of ammonia. A icr washing free from chlorides, the moist paper 
is transferred to the weighed platinum crucible and ignited. 

Zinc. Hydrogen sulphide is passed into the combined filtrates to precipitate 
any zinc present, which is filtered off, washed, and weighed as sulphide after 
ignition with sulphur in a stream of hydrogen. 

Analysis of Rose*s Metal 

Alloy of Lead, Bismuth, and Tin, Generally Containing Small Amounts of 
Copper, Arsenic, Antimony, Iron and Zinc 

One gram of the metal is weighed out and decomposed with nitric acid and the 
stannic oxide is weiglunl, according to the procedure under analysis of soft 
sohhT, page 002. 

Lead. To the filtrate from the stannic oxide containing the nitrates of lead and 
bismuth, 5 cc. concentrated sulphuric acid arc added. The solution is evapo- 
rat«'d in a porcelain dish until suliihuric-ai’id fumes are given off. The dish may be 
placed on the hot plate, sand bath, or wire gauze and the liquid heated to just 
below the boiling-point to avoid spattering, '^^’hen the acid becomes concentrated, 
the heat may be somewhat increasetl. The hot concentrated solution is diluted 
by slowly pouring it with c(»nstant stirring into about 100 cc. of water and digested 
hot for about half .an hour with occasional stirring. The lea<I sulphate is then 
filtere«l off on a (looch cru<‘ible, washe<l with 10% sulphuric acid until the wash- 
wjiter no longer gives a preci|»itato on making it alkaline with ammonia, adding 
ammonium carbonate, and warming. The sul])huric acid is then washed out w'ith 
ah'ohol. The precipitate is dried and weighed. It is tested for a pos.sible contam- 
ination with bismuth as follows: It is dissolved in 5 to 10 cc. of warm concentrated 
hydrochloric acid an<l fiO cc. of absolute alcohol are added to the solution. After 
.standing for .a few moments, the solution, containing the bismuth as chloride, is 
filtered off. Jiy nearly neutralizing with ammonia, and largely diluting with water, 
the bismuth is preeijiituted as o.xychloridc and may be washed with water contain- 
ing a f(‘w droj).s of hydrochloric acid, drietl, and weighed. 

Bismuth. In the filtrate from the lead sulphate, the bismuth is proeipitated by 
just neutralizing with filtered ammonia, adding a few drops of ammonium carbonate 
and warming the solution gently for about fifteen minutes. The precipitate is 
filtered off and wa.shed a few times with water. I'o free the precipitate from a small 
amount of basic sulphate it is di.s.solved in a small amount of dilute nitric acid and 
reinecipitated. The precipitate is washed with water containing a little ammonium 
nitrate and dried. It is removed from the pajjer as completely as po.ssible and 
placed on a watch-cry.stal. The pajier is replaced in the funnel, moistenetl with a 
few drops of dilute nitric acid, and washed with small amounts of warm water. 
The wash-water is evaporated to dryness in a fairly large weighed porcelain cruci- 
ble, and the residue ignited until the nitric acid is completely expelled. The main 
IKirtion of the precipitate is now added, heated with the Bunsen burner and 
weighed as BijOa. 

Copper. If copper is present in the alloy, it will be contained in the two 
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filtrates from the bismuth precipibito. Combine these filtrates, acidify wth 
hydrochloric acid, and concentrate to a convenient bulk. Pass hydrogen 
sulphide through the warm solution, filter, and wash with water containing hydro- 
gen suli)hide. Even if copper is absent, a small black precipitate of bismuth 
sul]>hide will bo obtained at this iioint because of the slight s^)iubilit,y of the bismuth 
hydroxide or carbonate. The precipitate may be tested for bismuth by treating 
with a little dilute hydrochloric acid and diluting the filtrate. A white precipitate 
indicates bismuth. The coi)per sulphide, being insoluble in dilute hydrochloric 
acid, remains on the paper and may be ignited together with the pai)er and weighed 
as o.xide. If arsenic, antimony, iron or zinc are present they are separated 
and determined by the methods given under pages 660, 661 and 669. 

Analysis of Wood’s Metal 

Alloy of Lead, Bismuth, Tin, and Cadmimn, Generally Containing Small 
Amounts of Copper, Arsenic, Antimony, Iron and Zinc 

One gram of the metal is weighed, dissolved in nitric acid, and the stannic 
oxide weighed and purified. The filtrate from the tin is cvaiwrated to dryness on 
a water bath. 'Fhe nitrates arc converted into chlorides by evaporating twice 
on the water bath to a small bulk after the adflition of 20 cc. cf concentrated hydro- 
chloric acid. 

Lead. After cooling, 25 cc. absolute alcohol are added. The mixture is stirred 
and after standing some time the chloride of lead is filtered off on a (Jooch crucible, 
and washed with an ice-cold mixture of 4 parts of 95% alcohol and 1 part of con- 
centrated hydrochloric acid. It is dried on the hot plate or at 150° for three hours 
an<l weighed. 

Bismuth. The filtrate is diluted with about one-half liter of water and nearly 
neutralized with ammetnia (about dO cc. of dilute ammotiia will be required). 
After standing twenty-four hours the bismuth oxj’chloride is filtered off on a (.Jooch 
cnicible, washed with water containing a few drops of dilute hydrochloric acid, 
dried at 110°, and weighe<l as BiOdl. 

The bismuth may also be precipitated as bismuth hy«lroxide by volatilizing 
most of the alcolud, neutralizing with animonia and warming gently. If iron is 
present this jjrecipitate will be redtlish. In that case it is best to dissolve it in 
hydrochloric acid and precipitate the bismuth as oxychloritle. The bismuth 
hydroxide is ignited and weighed as oxide, liisOa. 

Cad m iu m . The filtrate from the bismuth oxychloride is evaiwrated to a bulk 
of 200 or 300 cc. If the bismuth has been precipitated by means of ammonia, 
the filtrate is first acidified with hydrochloric acid and evaporated to a moderate 
bulk. I'he solution is saturated with hydrogen sulphide and the precipitate 
filtered off and washed with water fiontaining hydrogen suljdiide. If tho cadmium 
sulphide is dark colored or black, tracc.s of lead or bismuth sulphides may be pre.sent 
because of incomplete separations, or copfier may have been present in the alloy. 
Any arsenic which may have been in the alloy or a trace of tin or antimony will 
also be present in this precipitate. 

Arsenic, Antimony, and Tin. It should be tested for those throe elements by 
pouring over it a few drops of warm potassium or sodium sulphide and Wiishing 
two or three times with warm water, being careful to stir up the precipitate with 
the stream of water from tho wash-bottle. A precipitate formed on acidifying tho 
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filtrate indicates the presence of arsenic, antimony, or tin. If the characteristic 
orange color of antimony is absent, the supernatant liquid should be decanted and 
the precipitate wanned with a little concentated hydrochloric acid. If it dissolves 
completely, arsenic is absent and the tin may be reprecipitated by diluting and pass- 
ing hydrogen sulphide. After washing, the moist precipitate with the paper may 
be burned and the sulphide of tin converted into oxide by ignition. If arsenic or 
antimony is present, it may be determined as directed in the Analysis of Type 
Metal, page 660. 

Separation of Copper and Cadmium. To dissolve out any copper which may 
be present with the cadmium sulphide, a few drops of potassium cyanide should 
be poured over the precipitate. It should be thoroughly stirred up with water and 
washed a few times. If a considerable amount of copper is present, the bulk of 
the precipitate should be transferred to a beaker by washing out the paper while 
still in the funnel with a stream of water. The remainder of the precipitate on the 
paper is dissolved by washing with a little warm dilute nitric acid. The paper is 
then thoroughly washed with small portions of hot water. The washings are 
allowed to flow into the beaker containing the main portion of the precipitate. 
The beaker is warmed and more nitric acid is added if necessary to dissolve the 
precipitate. The solution is neutralized with sodium carbonate and a sli gh t 
excess of potassium cyanide added. A small white precipitate at this point may 
be lead or bismuth carbonates, which should be filtered off and determined. On 
passing hj'^drogen suljjhide through the filtrate, the cadmium is precipitated as 
sulphide and may be filtered off on a (looeh crucible and washed with water con- 
taining a little hydrogen suljihide. It is finally washed with pure water and the 
fr('e sulphur extracted by washing with alcohol and then with carbon disulphide. 
I'he precipitate is dried at 100° and weighed. 

Copper. The filtrate from the cadmium sulphide coiitiiins the copper and is 
acidified ^ with suliihuric acid and a little nitric acid and evaporated to fumes. 
The residue is dissolved in water, filtenni if necessary, and the copiK*r precifiitated 
ns .sulphide. If it is small in amount it may be ignited and weighed as oxide. If 
considerable cojjper is present, it must be ignited with sulphur in a stream of hj'dro- 
gen and weighctl as cuprous sulphide, Cu^S. When much copjjer is present, it is 
better to determine it electrolytically. 

Separation of Iron and Zinc. The filtrate from the first precipitation with 
hydnjgen sulfihide contains any zinc or iron which may have been jiresent. These 
metals may be sojiaratcd in the following manner: 

The solution is boiled to expel hydrogen sulphide, neutralized with ammonia, 
and acidified with acetic acid. Hydrogen sulphide is paased for some time and the 
solution allowed to stand for several hours. The clear liquid is carefully decanted 
through a filter jiapcr, and after replacing the beaker containing the clear filtrate 
witii another beaker, the sulphide of zinc is brought on the paper and washed with 
water containing ammonium acetate and acetic acid. The precipitate is dissolved 
in a little dilute nitric acid and the paper washed with hot water. The solution of 
the zinc is evaporated to drjmess in a weighed porcelain crucible, ignited finally 
over the blast-lamp to decomiX)se any zinc sulphate which may have been formed, 
and weighed as oxide. The filtrate is boiled to expel the hydrogen sulphide. A 
little nitric acid is then added to oxidize the iron, which is precipitated with 

1 This should Ixt done under a hood with good draught to avoid any possibility of 
inhaling the very poisonous hydrocyanic-acid fumes. 
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ammonia and weighed as oxide. A very eoiivenient inolhod of oxidizing the iron 
and removing the hydrogen sulphide is by (be use of bromine wafer. Tin; bro- 
mine should be added until the solution is colored, indi(‘nting eoinplidc oxidation 
of the iron and the presence of an excess of l)romine. If a solution of broiniiK* 
in concentrated hydrochloric acid is used a few drops will suffice and the sttiulion 
will not be diluted to any c.\tent. If manganese is to be removed toge(lu*r willi 
iron, the presence of an excess of bromine is advantageous; otherwise it must 
be boiled out. As the bromine oxidizes hydrogen sulphide in tlu; cold, the excess 
of the latter need not be boiled out. 

Analysis of Britannia Metal 

Alloy of Tin, Antimony, and Copper, with Small Amounts of Bismuth, 

Lead, and Iron 

Decomposition of the Alloy by Means of Chlorine. Alloys containing a l.irge 
percentage of tin are be.st decompo.sed by a stream of chlorine. The method is 
applicable to alloys containing le.ss than ir/^c f»f lead and copjx;r. 

A hard-glass combustion-tube 70 cm. long is taken and one end drawn out, 
making a small tube 20 cm. long, which is Ix-nt at right angh's. This small tube 
is connected by means of a cork stopixjr with a Pclig»)t tube the bulbs of which are 
nearly filled with dilute hydrochloric acid (1 : 3) containing about 1 gram of tar- 
taric acid. A second Peligot tube is connected with the fii-st and contains a solu- 
tion of caustic soda (1 :3). The chlorine is ovolvetl in a 2-li(er flask containing 
pieces of pyrolusite, over which concentrated hydrochloric acid is ix)ured. The 
flask is heated on a water bath. The chlorine is )>assc<l thnaigh a wash-bottle 
containing water and then through two wash-bottles containing sulphuric a<*id. 
It is then passed into the c<)mbustion-(ube, connection Ix'ing made by mcuins of 
a cork stopper. Wherever rublx3r is use<l for making connections, it must be wcdl 
coated with paraffin. This is also tulvisable for the cork stopixirs. The chlorine 
is not allowed to pass into the combustion-tulx! until all f)f the air h.is been dis])lac(Hl 
from the flask and the wash-bottles. All escaping chlorine should be absorbesd 
in caustic-soda solution. 

One ^am of the alloy in fine turnings is weighed out and placed in a porcelain 
boat which is placed in the middle of the combustion-tube. The chlorine is first 
allowed to act on the alloy in the cold. When no further action is ob.served, the 
part of the tube in which the boat is situated is heated gently with the Uunsen 
burner, and then more strongly until the contents of the boat fuse. The chlo- 
rides of mercury, bismuth, arsenic, antimony, and tin volatilize and are tlriven 
out of the tube by heating it gently from the boat to the end which is drawn out. 
These chlorides are absorbed in the hydrochloric acid contained in the first I’eligtit 
tube, while the excess of chlorine is absorbed in the caustic-soda solution contained 
in the second Peligot tube. 

The chlorine in the apparatus is then displaced by means of a stream of dry 
air or cubon dioxide, the chlorine generator having been removed. The appara- 
tus is disconnected, the boat containing the chlorides of copper, lead, and {Von is 
placed in a pordelain dish, and the tuljc washed out with hot water which is allowed 
to flow into the dish containing the boat. Hydrochloric acid is added and the dish 
warmed until the contents of the boat are dissolved. The latter is removed and 
washed. 
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Lead, Copper, and Iron. 'I'lio lca<I is precipitated by evaporation with sul- 
phuric acid and dilutiii}; and is filtered olT and weiKhed as sulphate. The copi)er 
is precipitated by means of hydrogen sulphide and weighed as sulphide or deter- 
mined eleetrolylically from a nitric acid solution. The iron is precipitated by 
means of ammonia and weighe«l as oxide. 

'I'lie conleiils of the first Peligot (ube are imured into a beaker and the Peli- 
got tube well waslu'd out with water to which hydrochloric acid is added if neces- 
sary. 'Phe .solution is warmetl and hydrogen sulphide pas.sed until precipitation 
is complete. The filtrate slu)uld be healed to boiling, strong hydrochloric acid 
adilcfl, ami hy<lrogen sul]>hidc i)as:etl again to prcciiatsitc the arsenic. 

Bismuth. If the suli)hide i)recipitate is dark colored, bismuth is present. 
The precipitate is washed into a beaker, ammonium sulphide added, and the 
solution warmed, ^’h(^ solution is filtered through the same paper and the pre- 
cipitate washed with warm water containing a little ammonium sulphide. The 
bismuth sulphide is dissolved in a little warm dilute nitric acid and the paper 
washed. The bismuth is precipitat«*d with ammonia and ammonium carbonate, 
ignited, and weigh('<l as oxide, JiijOa. 

Separation of Tin from Arsenic and Antimony. The ammonium-sulphide 
solution of arsenic, antimony, and tin is poun*d with vigorous stirring into a hot 
solution of 25 grams of oxalic acid in 200 ee. of water. The solution is heabid to 
boiling and hytlrogeii sulphide passed for about fifteen minutes. I’he precipitate 
is filtered off immediately and washed with hot water containing hydrogen sul- 
phide. It is dissolved in ammonium sulphide and the treatment with hot oxalic 
acid an<l hydrogen sulphide repeated. 

Tin. The oxalitt-aeid solution of tin is eva)}orated down, with the addition of 
f) ce. concentrated sulphuric acid, to fumes. The solution is cooled, cautiously 
diluted with water, and liydrogen sulphide passed to insure complete precipita- 
tif>n of the tin. Wash the precipitate with water containing ammonium acetate 
and a little acetic acid, dry, ignite, and weigh as stannic oxide, 8n02. 

Arsenic and Antimony. The precipitate of arsenic and antimony sulphides 
is trciited with a little concentrated ammonium-carbonate solution and washed 
to nnnovc; arsenic. The antimony is then W(>ighe<l as oxide according to the direc- 
tions given under the Analysis of Type Metal, page GOO. The arsenic is deter- 
mincfl according to the directions giv<m in the same section. 


Analysis of Brass or Bronze 

Alloy of Lead, Copper, Tin, and Zinc, with Small Amounts of Arsenic, 

Antimony, Cadmium, and Iron. 

Solution of the Alloy. Weigh out 1 gram of the alloy and place in a oOO-cc. 
beaker, add 10 ec. coneentratod nitric acid and 5 cc. water. Cover the beaker 
with a watch-crystal and place in a tlish of cold water. After one-half hour place 
the beaker on the water hath and evajmrate the solution to dryness. One hun- 
dred cc. of boiling watei and a few drops of nitric acid are added and the solution 
boiled for five minutas. 

Tin. The stannic oxide is filterp<i off and washed with hot water. The moist 
prcciintate is introduced into a weighed |)orcelain crucible and the paper burned 
in the usual manner. If the amount of tin is small (less than 1%) it is weighed 
at this iH>int, otherwise it is fused with six times its weight of a mixture of equal 
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parts of sulphur and sodium carbonate. The fused mass is dissolved in hot water 
and the solution filtered. I’he copper, lead, and iron which were carried down with 
the stannic oxide will remain on the paper as sulphides, while the filtrate will con- 
tain all of the tin and any arsenic or antimony which may have been present. The 
insoluble sulphides are dissolved in a little nitric acid, the paper washed, and the 
solution added to the filtrate from the stannic oxiile. 

If ansenic and antimony are absent, the tin may be precipitated out of the 
sodium sulphide solution and weighed. The excess of sulphur should first be re- 
moved from the solution by heating to boiling after the addition of caustic soda 
and then adding hydrogen peroxide in small quantities until the solution is nearly 
decolorized. It is then acidified with hydrochloric acitl while stirring consfanlly, 
heated, and hydrogen sulphide passed. The stannic sulphide is washed with hot 
water containing ammonium acetate and a little acetic acid. It is ignited and 
weighed as stannic oxide in the usual manner. 

Arsenic and Antimony. If arsenic is present in the alloy, a small amount of 
this element will be present in the sodium sulphide solution of the tin and will 
be precipitated with the stannic sulphide. It may be removed by treating the 
precipitate with a little concentrated solution of ammonium carbonate and wash- 
ing. The solution of arsenic should lx? add(>d to the nitric acid solution of the 
alloy. 

If antimony is also present in the alloy, the sulphides of arsenic, antimony, 
and tin must be separate<l by one of the methods given under Analysis of l'yi)e 
Metal, page 6(50. See also Distillation Method for Arsenic and Antimony in 
Ap|)endix. 

Lead. To filtrate from the stannic oxide, 5 cc. concentrated sulphuric acid 
are added and the solution evaporated in a iK)rce!ain flish until the nitric acid is 
entirely expelled and white fumes of sulphuric acid an? given off. 7'he solution 
is cooi<!d by floating the dish on cold water and diluted with 75 cc. of water. 
Lead is now determine<l as PliSOj. Stx* page 2;}t}. 

Cadmium. »Se(; ApiK'iidix for determination. 

The copper is best determined electrolytically. The filtrate from the lead 
sulphate is heated on the hot plate until most of the alcohol is cxp<‘lled. Two cc. 
concentrated nitric acid are added and the warm solution (about C0°) electrolyzed 
with a current of ^ to 1 ampere for about six hours. If a gauze electrode is used 
or one of the electrodes is rotated the time required is very much reduced. 

Hydrogen sulphide is passed through the acid filtrate from the copper to pre- 
cipitate traces of arsenic, antimony, or unseparated tin which may be present. 
If more than traces are found, the metals must be separated and determined by 
the methods given in the preceding methods. When the amount of copper is 
large, as is generally the case, it is advisable to divide the solution into two por- 
tions for the electrolysis, as about 300 milligrams of copper is generally sufficient 
for a good determination. The solution may be divided by weighing it and then 
pouring out about half of it and again weighing or the solution may be diluted 
to a known volume as 250 or 600 cc. and a portion measured out. The copper 
may be determined in each portion and the filtrates combined for the zinc deter- 
mination. For the duplicate zinc determination the copper may be precipitated 
as sulphide, which is filtered off, well washed, and discarded. 

Iron. The filtrate from the copper is boiled to expel hydrogen sulphide and 
a little nitric acid added to oxidize the iron, which is precipitated with ammonia 
and weighed as oxide. If more than a small amount of iron is present, the pie- 
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cipitate must be redissoIvcMl and reprecipitated to separate it completely from the 
zinc. 

Zinc.' ’^rh(‘ (iltrale from tlio iron is evaporated to small bulk and the zinc 
precipitated and weighed as p 3 rrophosphatc. The zinc may also be precipitated 
and weighed as sulphide. 

Analysis of German Silver 

Alloy of Copper, Zinc, and Nickel, with Small Amounts of Lead, Iron, and Tin 

One gram of the alloy is weighed out and dissolved in nit ic arid as directed 
in the preceding exercise. The tin, lead, and copper are determined aa directed 
in the same ex(‘rcise. 

lIydrog(>n sulphide is passed through the acid filtrate from the copper to pre- 
cifiitaie traces of arsenic, antimoy, tin, or unseparated copper which may be pres- 
ent. If more than traces arc found, the metals must be .separated and determined 
by the methods given under Analysis of Type Metal, page 660. 

Zinc.' The filtrate is boiled until the hydrogen sulphide is expelled and the 
solution concentrated to a small bulk and the acid nearly neutralized with caustic 
sotla. Five to 10 grams of caustic soda are dissolved in about 50 cc. of water and 
the solution of zinc and nickel added slowly with constant stirring. The solu- 
tion is diluted with an eipial bulk of water and the precipitate filtered off and 
washed. The zinc in the filtrate is precipitated with hydrogen sulphide, filtered 
off, and washed free from alkali. The zinc sulphide is dried and detached from the 
paper as completely as possible. 

The portion still adhering to the paper is dissolved in nitric acid and the solu- 
tion evajiorated to dryness in a porcelain crucible. The remainder of the precip- 
itate is added and the whole ignited with sulphur in a stream of hydrogen. If 
the precipitate is small it need not be dried, but is immediately dissolved in nitric 
acid and after evaijoration converted into sulphide. The sulphide is tested for 
alkali by digestion with hot water. If alkali is found, it must be completely ex- 
tracted and the sulphide again weighed after ignition with sulphur in hydrogen. 
The precipitate is then dissolved in nitric acid and the solution evaporated to dry- 
ness. The zinc nitrate is dissolved in water and the silica filtered off, washed, 
ignited, and weighed. The zinc sulphide may also be dissolved in hy^chloric 
acid, the zinc precipitated as zinc ammonium phosphate and weighed as pyro- 
phosphate. 

Iron and Nickel. If iron is absent, the nickel hydroxide may be washed and 
after transferring the precipitate to a weighed porcelain crucible and burning the 
paper it may be reduced to metallic nickel by heating in a stream of hydrogen 
and weighed. If iron is present, the precipitate is dissolved in hydrochloric acid 
and the iron precipitated with ammonia. Unless a very small amount is present 
it must be rcdissol ved and reprecipitated, and, after washing, is ignited and weighed 
as oxide. The nickel is then reprecipitated as hydroxide by means of an excess 
of caustic soda, reduced in a stream of hydrogen and weighed as the metal. 

Optional Procedure for Iron, Nickel, and Zinc is given in the Ap|)endix. 

* In modern practice zinc is preferably determined by weighing as oxide or by titrat- 
ing with ferro-eyanide according to procedures given in the chapter on Zinc. 

Note by the Editor. 
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Analysis of Manganese-Phosphorus-Bronze 

Alloy of Copper, Lead, Tin, Zinc, Manganese, Phosphorus (less than 1%), 

Traces of Iron 

Solution. One gram of the alloy is weighod out anti dissolved iti )iitric acitl. 
Nearly all of the phosphorus remains wi(h tl»e stannic oxitlc as si phosphate. After 
fusing the impure precipitate and separating the impurities, and ])recii)it:>(ing tin* 
tin as sulphide, the solution containing only tlie phosphoinis as pho-sphorit; acid 
is discarded, as this clement is determined in n separate portion of the alloy. 

Lead, Copper, and Zinc are determined as given untler Analysis t)f Jirass and 
Bronze, page OtiS. The phosj)horic acitl which did not remain with the stannic 
oxide will be pre.sent in the alkaline solution t)f the zinc. This element shtiultl 
therefore lie precipitated and weighed as pyrtiphosphate. 

Iron. In ortler tt) sepanite manganese anti iron from zinc, bromine t»r hytlrt»- 
gen peroxide is atlded tt) the filtrate frtmi the eojiper. 'Fhe solution is boih'tl anti 
excess of ammonium adtletl to redissolve any zinc phosphate which m.-iy be i)re- 
cipitated. 'I'he precipitate consisting of ferric hytlroxide and manganese tlioxide 
is filteretl off and washed. It is dis-^olvetl iti a little hytlrochloric acid anti the 
paper well washetl. The solution is boiled until the chlorine is coTni)letely exi)elletl, 
then iieutralizetl with .nmintmia, warmetl, anti thti tract; t»f irtm liltt*retl off imnit>- 
diately. Unless the precipitate is very small it is redissolvt*d iti hytlrochltiric 
acid and again precipitated with ammonia anti tiuickly fillcrt*d t)ff anti washed. 
It is ignited and weighed as oxide. 

Manganese. The combined filtrates from the iron conttiin .all t>f the man> 
ganese unless the amount of iron prm*nt is considerable. 'Phe solution shoultl be 
evaporated to drj'iiess in a {Mircelain dish anti the amnumium chloridt; V(»Iatilized 
by gently heating with the Bunsen burner. The resitluc is tlissolvetl in a few ce. 
of water and a few drojis t)f hydrochloric acid anti the manganese j)recipitatod 
and weighed as sulphide. 

Volumetric Determination of Iron and Manganese. If eonsith'iablc iron is 
present, the method of seiiaration givt*n is not applicable. In this case tluj sim- 
plest methods of determining the two metals are vo!umc>1ric. 'Phe ammonium 
precipitate shoultl be dissolved in .sulphuric acid witii tie atldition of a little 
hydrogen peroxide, the c.xce.ss t)f which may be e\pt‘ll< d by boiling. I'ho sf)lu- 
tionmustbe made up to a definite volume anti divided into two etjual ptirtions. 
For this purpose a 100-cc. flask shtaild be usetl which has bet'ii ealibrattnl with a 
50-cc. pipette by emptying the jiipette twice into the tlry flask and making a mark 
on the stem. The solution of iron and manganese is cva|)t)rated tt) small bulk, 
transferred to the fla.sk, made uj) to the mark anti thoroughly inixetl. Fifty cc. 
aref withdrawn with the dry pi])ettt!. "Phe solution adhering tt) the walls t)f the 
pipette is rinsed out with distilled water aiitl adtiisl to the portion remaiiiiiig in 
the flask. One of these portions is reduced with zinc and tlic irt»n titrated with 
standard permanganate. (See p. 219.) The other portion is shaken up with 
zinc oxide until the free acitl is neutralized. One gram tif zinc sulphate anti a 
drop or two of dilute nitric acid are atltletl and the solution tlilutotl to several liun- 
dred cubic centimeters. 1 he manganese is titrated with staudurd pt)tassiuni 
permanganate according to Vt)lhartl. (Stsi page 2t)t).) 

Phosphorus. For the determination of phosphorus a 5-gram portion of the 
alloy is taken, as the percentage of this element is usually small (seldom more than 
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0.2%). The materiul is placed in a 200-cc. beaker and 20 to 30 cc. concentrated 
nitric acid added. Tin* beaker is covered with a watch-crystal and after the first 
violent action of the acid has ccas(*d it is placed on the water bath and heated until 
the alloy is conipletc'ly decomposed and the residue is pure white. All of the phos- 
plioric acid will remain with the tin provided a sufficient amount of the latter is 
pres(*nt in the alloy. I'rom six to eight times as much tin as P 2 O , must be present. 
Unless at least 5% of tin has been found, a preliminary test should be made by 
dissolving about a gram of the alloy in concentrated nitric acid, filtering, and test- 
ing the filtrate for phosphoric acid with molybdate mixture. If phosphoric acid 
is found in the filtrate, metallic tin must be added before dissolving the alloy in 
nitric acid. Urojii J to 1 gram will usually be found sufficient. 

The nitric acid solution of the alloy is diluted and the stannic oxide containing 
the phosphoric acid is filtered off and washed a few times. After drying, the pre- 
cipitate is transferred to a porcelain crucible, the pa|)er is burned, and the ash 
a<lded. .'ifter adding three limes its weight of potassium cyanide, cover the cru- 
cible and fuse for a few minutes at a red heat. The stannic oxide is reduced to 
nietalli(! tin and the jihosphoric acid f(»nns polassiuni phosphate. After cooling, 
extract the fus(*d mass with hot water, filler, and wash the paper with hot water. 

Exixd the hydrocyanic and cyanic acids by boiling with con(!cntrated hydro- 
chloric acid. This opcnilion 7nust he. conducted under a hood with good draught. 
rivaporale t(j dryne.ss to (h'hydrate the silicic acid which has been dissolved from 
the porcelain by the action of the [)otassium cyanide. Dissolve the dry residue 
in a little hydrochloric acid and pa.ss hydrogen sulphide to precipitate a small 
amf)unt of tin and coi)|)er which is present. Filter, wash the precipitate, and 
destroy the hydrogen sulphide in the filtrate by adding bromine water and boiling. 
If the volume of the solution exceeds fiOcc., concentrate by boiling. Cool andpre- 
ci})itate the phosphoric acid by adding about | gram of crystallized magnesium 
chloride or sulphate dissolved in a little water and then neutralizing the solution 
with filtered ammmiia while stirring vigomusly. . dd a small excess of ammonia. 
Assure yours<'lf that the phosphoric acid is all precij)itated by adding a little 
magnesiii mixture to the clear supernatant liciuid. After standing several hours, 
filtt'r, wash with dilute ammonia, ignite in a porcelain crucible, and weigh as 
magnesium pyrophosphate. 

The preeijatation of the metals present with hydrogen sulphide may be omitted 
and the separation effected by precipitating the phosphoric acid as molybdate. 
The dry residue should then be dissolved in nitric acid, and after filtering off the 
silica, the phosphoric acid is precipitated as directed in the chapter on Fhosphorus. 

Notk. y'‘r niih of Adds Used in Alloy Annlym. Concentrated HCl, sp. gr, 1.19; 
concontr.itcd HNDj, sp. gr. 1.42; concentrated H2SO4, sp. gr. 1.84. 
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Frank F. Hai.k’ 

Such tremendous value attaches in boiler-room economy to tlie character 
of the fuel that the purchase of coal upon the results of laboratory analysis 
has grown in importance. Spccilications Inive been drawn with such exact 
reiiuirements that fairness to the coal contractor requires that only exact methods 
of analysis be employed. 


SAMPLING 

In order that the laboratory sample shall be ropn?sentative of the deliver^', 
great care must be taken, however; tlie jiersonal element sliouhl be eliminakHl 
as far as pos.sible. When possible, coal should be delivered by cliutes ami a 
shovelful taken at regular intervals throughout the delivery. If delivered in 
wagons a portion should be taken from each wagon load, lloat loiwls arc best 
sampled while being loaded or unloadal. If a pile of coal must be sampled, 
portions should be taken from all sid<w, toj) and bottom. The gross sample should 
jireferably be 2(K) pounds for deliverie.s up to 1(X) tons and one-tenth of 1 of the 
amount delivered for quantities over 100 tons. Larger sizes should be crushed 
to at least pea size (about | in.) and preferably under. The gross samide 
should be thoroughly mixed with a shovel, piled U}), and quartereil. Opposite 
quarters should then be mixixl, piletl up, and quartered again and this con- 
tinued until a samjde of about 6 jjounds is obtained.* 'I’liis sample should then 
be forwarded to the laboratory in a sealed moisture-tight container. 1’he most 
satisfactory container is one made of galvanized iron, to pr(*vent rusting, cylin- 
drical in siuiiM) with screw cap flush with the sides. A convenient size is 6 ins. 
in diameter by 8 ins. height. Such a cun is readily cleaned and sealed. Sealing 
is conveniently made by pasting a strip of paper around the can over the joint, 
or by means of wax and an impression seal. 

PREPARATION OF SAMPLE FOR ANALYSIS 

The laboratory sample should first receive a number which should follow 
the sample through all phases of preparation in order to avoid confusion. The 
whole sample, when received at the laboratory, should be crushed to 4-mosh 
size or less. The Chipmunk Jaw Crusher is rapid and easily cleaned, as one 
jaw Is removable. If too wet to crush, causing clogging of the crusher, the 
whole sample should be dried on the steam bath, the moisture so lost determined 
and atlded to the analytical moisture later determined on the pulverized sample. 
Shallow agateware pans large enough to take the complete sample are con- 
venient and should set in large holes on the steam bath, so that the body of 

* Director of Laboratories, Dept. Water Supply, Gas and Electricity, New York City. 

• The U. S. Bureau of Mines uses a 3-pound sample and New York City a 7-pound 
sample. 
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the pan is exposed to the stcoin and drying is hastened. A few horn's only is 
necessary. The U. S. Bureau of Minos dries in a special oven with a current 
of dried air at 30-35“ C., but this occasions u delay of twelve to ninety-six hours. 
The crushed sample should be mixed and (|uartored, preferably by hand. 
This is best and most rapidly done in the old-fashioned way by raising alternately 
the corners of a large piece of oilcloth or rubber sheet. The pile may be quickly 
quartered by two V-shaped pieces of galvanized iron to cut and pull away 
opposite quarters. The remaining quartern should bo again mixed and quar- 
tered in the same way and the i ocess continued until a 1 OO-gram representative 



Fio. 103. — Illustrates Method of Quartering Coal, Ball Mill for Pulverizing, and 

Suction Ventilator. 


portion is obtained. The discarded quarters should be returned to the can to 
be retained in case a second amilysis is desired. Such chock analysis should 
always be made upon a freshly quartered and pulverized sample of the remain- 
ing portions of the original gross laboratorA’’ sample. 

The l(M)-gram sample should then be pulverized in an Abb6 Ball Mill for 
three-quarters of an hour. The jar should be nearly full to produce the most 
rapid pulverization, that is, contain the full charge of pebbles, about 10 pounds 
for the 9-in. jar. The speed of revolution should be 60 per minute. Natural 
flint pebbles are least abraded and produce no appreciable effect upon the 
ash. The ball mill luts two distinct advantages. It conserves the moisture 
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of the coal and it pulverizes so fine that the coal will usually all pass a 60-mesh 
screen and a large part the 100-mesh screen. This greater fineness prevents 
incomplete combustion of anthracite coal in the bomb determination to be 
described later. The pebbles and coal should then be dumped on a coveretl 
ash-sifter resting on the oilcloth or rubber sheet, shaken quickly and pebbles 
and sifter brushed clean. 'Fhe sample should then be passed through the 
60-mesh scnxjn and brushed at once into a moisture-tight container. Any 
material retained on the 60-mesh sertsen, which occasionally happens, slnnild be 
quickly pulverized in a small steel mortsir. One-half pint, glass-covered lightning 
jars are convenient for this purp<Jso. 

As the dust in coal Siimpling is so fine as to penetrate through the clothing 
to the skin, it is wise to use an a.spirator to protect the lungs and also u.s(i a 
suction ventilator to keep the air fnwh and clean. The stiction should connect 
with small hoods over the crusher and over the quartciring table. 


METHODS OF ANALYSIS 

Moisture. Moisture may be accunitely <letermined on a lO-grarn sample 
heated for one hour at 105® C. Close checks will be obtaimwl and weighing is 
rapid, as the wciglit need only be tjiken to the nearest milligram. Glass evaj)- 
omting dishes of 2|-in. diameter are convenient for this debirmination. 'Fho 
Beans electric thermo-regulator for gas Ims been found very satisfactory for 
oven regulation, as the oven may be heated rapidly and will quickly come to 
adjustment. 

Most laboratories employ a 1 -gram sample, however, and later use the residue 
for ash determination. The Bureau of Mines uses a special drying oven and a 
specially prepaml sample for moisture. The 4-mesh sample is crushed in a 
roll or coffee-mill crusher to 20-mesh, and bottled quickly without sieving. 

Ash. The ash represents the mmeral matter in coal after ignition. No 
attempt is made in common practice to calculate the original form of the con- 
stituents. It is l)e.st determined upon a separate portion of coal, and pref- 
erably in silica crucibles, as the wear on platinum is considerable. Heating 
should be slow and careful at first, to avoid loss from volatile matter and to 
avoid the effect of coking. Later the contents should be stirred with a plati- 
num wire to facilitate combustion, not neglecting to tap the wire free from 
ash. The silica crucibles should rest on silica or nichrome triangles. Some 
laboratories employ a mufllo furnace and others an electric furnace. 

The residue from moisture may l)e used for ash determination, but the 
residue from volatile combustible matter should not be so used, as there is danger 
of mechanical loss of ash in the rapid heating, and the accuracy of the ash- 
figure is far more important than the volatile combustible matter. 

A 1 -gram sample is used for the ash determination. 

Volatile Combustible Matter. This determination is entirely empirical 
and should bo pcrformwl iiadur strictly standard conditions. The ilctcrinina- 
tion is made upon a 1-grara sample heated for seven minutes, timed by a stop- 
watch, in a i>latinum ormable of 25-30 cc. capacity, and with tight-fitting cover. 
The crucible and cover should bo kept brightly polished. A special apparatus 
should be arranged. Construct a cylinder of a.sbe.stos or galvanized iron to 
protect flame and cniciblo. Connect an adjustable M4ker burner (Scunatco 
type is preferable) with a U-tube to measure gas pressure. Arrange a platinum 
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wire from triangle to support the bottom of crucible always at same distance 
from the burner. 

(’alibrate the apparatus by adjusting the burner and pressure so that the 
crucible is entirely surrounded by the flame and the temi)erature is about 950“ 
C. This may be determined by an optical or other pyrometer, but most con- 
veniently by the fusing-point of potassimn chromate. Note the gas pressure! 
retjuired and in the analyses set the gas at this pressure. In this way close 
checks may conveniently be obtained when the right conditions have l>een 
determined. 

Tlie loss in weight minus th. moisture is the volatile combustil)le matter. 

A ]0~20-cc. crucible has recently l>ecn advocatcKl to rcnluce the effect of 
o.xidation by oxygen in the crucible. »S<5veral different schemes have been 
advocated in order to obtain uniform rtisults. An electric furnace is used by 
some. Any method is empirical, as the determination docs not represent any 



Fia. 104. — V. C. M. Apparatus 


very definite constituent of the coal. Originally intended as a measure of 
coking ability the V.C.M is now mainly a means of discriminating between 
different kinds of coal and as a means of keeping within the smoke ordinances. 

Volatile Sulphur. The total sulphur in a coal is of littlo importance. If 
desired, it may be determined by the well-known hlsclika metho<l. The vol- 
atile sulphur is of great importance both in its bearing upon fusibility by indi- 
cating the prostince of pyrites in the coal and in its relation to corrosion by the 
formation of sulphurous ac;id. 

Volatile sulphur is dctcnninotl in the bomb washings after a calorific deter- 
minatioti. Th(!se washings arc filtered if necessary and titrated for acidity 
for one of the corrections in the calorific calculation. The sulpluir is then deter- 
mined most rapidly and conveniently by a Jackson Candle Turbidimeter. 

“The titrated solution is made up to 200 cc. The amount of acidity found 
is used as a guide in selecting the aliquot for the sulphur deteniuoation. In 
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Titiibidimetiuc Sl’lpiiuh Table 
For use with Jackson’s candle turbidiinotei 


Suljihur and SOa «-ontaincd in 100 cc. precipitated 



s. 

S( ).1. 

Doptli. 

s. 

HOa. 

Dc»pt h. 

8. 

Sf)a. 

C:m. 

Mk . 

Mk . 

Cm. 

Mk. 

Mk . 

Cm. 

Mk. 

Mk . 

1 0 

i 20.0 

r>o.o 

r> 0 

2 . (>0 

9 15 

9.0 

2.80 

5.75 

1 1 

1 IS 0 

45.0 

f) 1 

2.00 

9.00 

9.1 

2.28 

5.70 

1 13 

l<> .) 

41 .2 

T) 2 

3.54 

8.85 

9.2 

2.20 

5.05 

1 

15 0 

.27 .^1 

f) 2 

2.49 

8.73 

9.3 

2.25 

5.08 

1. 1 

13.5 

22. S 

7) 4 

2.42 

8.58 

9.4 

2.23 

5.58 

1 - rJ 

12.0 

21.2 

1 5.5 

2. 28 

8.45 

9.5 

2.21 

5.53 

1 r> 

1 I .2 

28.0 

j 5.0 

2.22 

8.33 

9.0 

2.19 

5 48 

1 7 

10.0 

25.0 

5 7 

2. 28 

8.20 

9.7 

2.18 

5.45 

l.S 

0 5 

23.8 

5.S 

3.24 

8. 10 

9 8 

2. 10 

5.40 

1 1) 

9.0 

22.5 

5.0 

3.20 

8.00 

9.9 

2. 15 

5 88 

2 0 

8.5 

21.3 

0.0 

3.15 

7.88 

10.0 

2.13 

5 33 

2. 1 

s.o 

20.0 

0.1 

3.11 

7.78 

10.1 

2.11 

5.28 

2.2 

7.1} 

19.0 

0.2 

3.07 

7.68 

10.2 

2 10 

5 25 

2 

7.3 

IS, 2 

0.2 

3.03 

7.58 

10.3 

2.09 

5.23 

2.4 

7.0 

17.5 

0.4 

2.99 

7.48 

10.4 

2.07 

5.18 

2.5 

6.7 

10.8 

6 5 

2.95 

7.38 

10.5 

2.00 

5.15 

2 (i 

6.5 

10.3 

6.6 

2.92 

7.30 

10.0 

2 04 

5.10 

2.7 

6.3 

15.8 

0.7 

2.88 

7.20 

10.7 

2.08 

5.1X8 

2 S 

6.1 

15 3 

6.8 

2.85 

7.13 

10.8 

2.02 

5.05 

2 1) 

5 9 

14.8 

0.9 

2.82 

7.05 

10 9 

2.01 

5.03 

2.0 

5 . 7 

14.3 

7.0 

2.79 

6.98 

11.0 

2.(K) 

5.(M) 

3.1 

5.5 

13.8 

7.1 

2.76 

6.90 

11.1 

1 .98 

4.95 

3.2 

5.4 

13.5 

7.2 

2.73 

0.83 

11.2 

1.97 

4.93 

3.3 

5.2 

13.0 

7.3 

2.70 

6.75 

11.3 

1 .95 

4.88 

3.1 

5 1 

12 8 

7.4 

2.07 

0.08 

11.4 

1.94 

4.85 

3.5 

5.0 

12.5 

7.5 

2.04 

6.00 

11.5 

1 93 

4.83 

3 () 

4 . 85 

12.25 

7.6 

2 01 

6.53 

11.0 

1.92 

4.80 

3.7 

4 75 

12. (.0 

7.7 

2.59 

0.48 

11.7 

1.91 

4.78 

3.S 

4.03 

11.75 

7.8 

2.50 

0.40 

11.8 

1 .90 

4.75 

3.9 

4.52 

11.50 

7.9 

2.54 

0.35 

11.9 

1.89 

4.73 

4.0 

4.13 

11 .25 

8.0 

2.51 

6.28 

12.0 

1.88 

4 70 

4.1 

4.33 

11. (K) 

8.1 

2.49 

0.23 

12.1 

1.87 

4.68 

4.2 

4.24 

10.75 

8.2 

2.47 

0.18 

12.2 

1 .80 

4.05 

4.3 

4.16 

10.50 

8,3 

2.44 

0. 10 

12.3 

1.85 

4.03 

4.4 

4.08 

10.25 

8.4 

2.42 

6.05 

12.4 

1.84 

4.00 

4.5 

4.00 

10. (K) 

8.5 

2.10 

O.tK) 

12.5 

1 .83 

4.58 

4.0 

3.93 

9.83 

8.0 

2.38 

5.95 

12.0 

1.82 

4.55 

4 7 

3.80 

9.05 

8.7 

2.30 

5.90 

12.7 

1.81 

4.53 

4.8 

3.79 

9.48 

8.8 

2.34 

5 85 

12.8 

1 .80 

4.50 

4.9 

3.72 

9.30 

8.9 

2.32 

5.80 

12.9 

1.79 

4.48 
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'rrTiusiDiMETKic Siiiii'Hiiii Tablk. — Continued 
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3.53 
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3 45 
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the case of anthracite coals, the amount taken is onp-fourtli to one-half; in 
the case of soft coals from one-fourth to one-tenth of the whole.” 

“The aluiuot of the solution to be tested is measured into the turbidimeter 
tube, diluted t() near the JOO-cc. mark, shaken, then acidifiecl with 1 cc. of 1 : 1 
hydrochloric acid, made up to the mark, and mixed well by shaking. A barium 
chloride tablet * weighing 1 gram and compressed without the use of a binder 
is then dropped in and the tube closed by means of a clean rubber stopiJer. 
The tube is then tilted up and down, causing the tablet to roll back and forth 
through the solution by gravity. 

When the precipitation appears to be complete, the remainder of the tablet 
may be dissolved by rapidly rotsiting the tube; but violent shaking shouhl 
be avoided, since it would have a tendency to cause aggregation of the pre- 
cipitate. The turbid liquid is then transferred to a beaker, the candle lightefl, 
a small quantity of the li(]uid poimul into the ghiss tube to prevent ovc;rhcating 
and cracking, and the tul)o put in place. More of the licpiid is them poured 
in, allowing it to run down the sitle of the tube, rapidly at lirst, until the image 
of the flame becotnes dim, then more slowly, waiting a moment afbsr each 
iulditiou until the luiuid in the tube is quiet, and continuing thus until the 
image of the flame just disjippears. The depth of the li(|uid in centimeters 
is noted. The mixture is then r(?tumcd to the beaker, p«mred back and forth 
from beaker to tube two or three times, and read again as beft)re. 

“I'he precipitated solution is read at least twice, and the readings usually 
check exivctly, unless they fall in the upjjer i)art of the tube, where they may 
differ by a centimeter without materially altering the results. In this case 
reatlings may 1)0 averaged. The aiuomit of sul})hur corresponding to the dejith 
of lupiid in the tube is found in the table, and multipluHl by the propcir 
factor, de|Huuliiig on the alicpiot of the original solution taken. 

“All (lilutions must be made before precipitation, for otherwise the results 
will not be conconlant for different dilutions.” The average time refiuinjd is 
ten miimt(‘s or less. The method carried out as described is accurate to about 
0.0")% sulphur. 

Fixed Carbon. Fixc<l carbon is found by lulding the moisture, ash, and 
volatile matter together, and subtracting from 

Calorific Value. II()at value is expressed jus “siujiH calorie (oal.),” the 

amount of heat rtM|uired to raise the teiiii)oraturo of 1 griiin of wat.t)r I" 

“large calorie (CW.),” the jimuunt of heat required to raise the temperature 

of I kilogram of water 1° C3., ami “ liritish thermal unit (H.t.u.),” the amount 
of heat rejpiired tt) raise the temperature of 1 pound of water 1® F., at or near 
30.1“ F. Small calories jxt gram of cosil multiplied by 1.8 e(]ual B.t.u. per 
])ound of coal. 

It is prefemble to express results as B.t.u. per pound of dry coal, instcatl 
of coal as received, since comparison between different samples of coal and 
the results of different analysts and laboratories are facilitated. Tlie other 
detenniuations except moisture are also better expressed on the dry basis. 

^ These tablets are prepared on order by the Fraser Tablet Co., of Brooklyn. 
N. Y., Formula No. 188,663. 

On standing for sonw time, some of the tablets become coated with a thin layer 
of effloresced salt. This should bo removed by gently rubbing l)etween the fingers 
before using the tablet. It is not advisable to keep the tablets in a moist atinosi>hero 
to prevent this efflorescence, as they become extremely hard and difficult to dissolve. 
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As a check uix)n accuracy of work and to catch errors, results of B.t.u. 
should also be calculated to Jkt.u. {x)und of cotiibustiblc, that is, divide the 
B.t.u. dry basis by (100% minus the j)er cent of ash). I’or the same run of 
coal, this value changes hut little, usually within 200 B.t.u. 

The calorific determination should be made by means of a bomb calorimeter. 
The platinum-lined Atwater typo is very convenient and recpiires but little repair. 

One gram of the 60-me.sh sample of coal prepared for analysis is weighed 
into a nickel capsule (28 mm. top width, 23 mm. bottom width, and 12 mm. 



Fia. 106.— Atwater Bomb and Caiorimeter with Accessories, in Special Room. 


depth) in the bottom of which has been placed an ignited disc of asbestos paper. 
The latter prevents incomplete combustion of anthracite coal by preventing 
chilling of the coal after combustion starts. In W'cighing large numbers of 
samples a piece of tared platinum foil is convenient and the coal transferred 
with a camel’s-hair brush into the nickel capsule. The capsule is supported on 
a idatinum ring suspended by a platinum wire from the head of the bomb. 
A piece of iron fuse wire, No. 34 B. & S. gauge, and weighing 10 milligrams, 
is attached at one end to the wire supporting the tray and at the other end to 
another platinum wire extending downward from the head, but insulated from 
it. Attachment of the fuse wire is made by winding around the platinmn 
wires several times. The center of the fuse wire should dip into the coal 
slightly. A convenient method of obtaining pieces of fuse wire of uniform 
weight is to wind around a flat piece of board or cardboard and cut the loops. 
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The shell of the bomb is rinsed with water and sufficient moisture, one-hatt 
cc., is thus left to take up the acids formed by combustion. Ihe head is 
joined gas tight to tlio shell of the bomb by the collar. Lead gaskets render 
these joints tight. Oxygen gas is slowly introduced^ so as not to blow the 
coal out of the pan, until about 21 atmospheres pressure is recorded in the 
bomb. The needle valve is then closed just tight enough to prevent leakage, 
the valve on oxygen tank closed and the bomb disconnected. Twenty atmos- 
pheres pro.ssure should remain in the bomb for the combustion, an amount 



Fio. 106. — lUustraU’s Motliod of (-ontKHrting Two Oxygen Cylinders for Filling Bomb 
when Pressure in One is below Twenty Atmospheres. 


sufficient for complete combustion of the coal and an amount containing suf- 
ficient nitrogen togetlnir with the nitrogen in the air trapiied in the bomb to 
cause the sulphur to biiru to sulphuric acid completely, unless the sulphur is 
unusually high. 

The bucket is filled w'itli enough distilled water, about 3° C. below the room 
temperature, to make the water e<iuivalent of the calorimeter some round 
number, for example, 2000 grams W'ith the Atwater, 2900 grams with the Mahler. 
The water is best weighed on a balance, capable of delicacy with such heavy 
weights, and the amount of water should be sufiicient to cover the bomb. The 
bomb is placed in its support and placed in the water in the bucket. The latter 
is set in the calorimeter, the stirrer added so as not to touch bomb or bucket, 
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covers applied and thermometer placed in the water and adjusted so that it 
can be read during the combustion. The thennometers should be special and 
standardized by the Bureau of Standards. The IXiess type of Beckmann is 
excellent. 

Connect the poles of six dry cells to the stem and insulated post of the bomb. 
Connection should be made with a butt»)n for firing the coal. It is also con- 
venient to have a small electric ’ mp connected with the button to indicate 
that the batteries are in condition, uefore a run is started. 

The calorific determination should bo made in a room protected from 
sudden changes of tempt;raturo and from draughts. If a current of air strikes 
the thermometer during a determination, the results will be untrustworthy. 
Mechanical stiiring is preferable and should be at a moderate rate. The stirrer 
is started anti after a coujilo of minutes or so, when conditions have become 
uniform, the tliermometer is read by means of a telescope and readings taken 
every one-lialf minute ftir .six readings. Interpolate to the 0.001° C. A clock 
striking CA-ery half minute is convenient. After the sixth reading, fire the coal 
by pres-iing the button cfinnected with the battt^ries and take approximate 
millings of the thermometer every half minute, reading to the 0.001° (5. as soon 
as the rise is slow enough to do so. After the maximum temperature has been 
niached, take six more readings at iialf-minute intervals. 

Beniove the boml> from the bucktst and alloAV the gas to escajAC sloAvly. Dis- 
connect the head and rinse out the bomb thoroughly. Titrate the Ava.shings 
with N/10 sodium carbonate, using melhyl orange as indicator. Determine the 
sulphur, after titration, with the turbidimeter as under \'olatile Sulphur. 

Calculation of B.T.U. The table on page 0<S2 is an examjde of an at'tual 
determination, showing corrections as ajiplied. 

Corrections must bo aiiplied to the thermometer in accordance with the 
certificate furnished for each thenuometer by the Bureau of Standards, includ- 
ing the <!orrection for temperature of setting of Beckmann thermometers and 
emergent stem correction for othem. 

The thermometer should also bo fitted Avith a Aubrator to oA^ercome mcuiscus 
error. This is coiiA’eniently done by arranging a small electric Aubrator so 
that the hammer liits the rubber-coA’cred metal clamp supporting the ther- 
mometer. The vibrator should, of course, bo connected to a push-button and 
dry batteries. 

(’orrection must also bo made for changes of temperature due to radiation. 
A simple formula which yitdtls restdl.s Avithin 0.002° C. as compared Avith the 
more elaborate formulte is the folloAving: 


2 


-byZ; =ra<liation correction. 


a =average preliminary period change iior half minute; 
h = average final period change jicr half minute; 

x= number of half-minute intervals of combustion period during which the rise 
of temperature (expres.scd to the nearest 0.01°) was greater than 10% of 
the total rise. This is readily seen by inspection; 
y *= remaining number of half-minute intervals of combustion period. 

The algebraic signs must be observed in the formula. 
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The end of the combustion period is taken as the first reading after the 
maximum temperature. The rea.son for this rests in the fart that the real 
maximum rarely occurs at a half-minute interval reading, as shown by a drop, 
during the first ijeriod after the maximum temperature read, of less than the 


NO. 1 HUCKWIIK.Vr COAL 
Thermometer used (T^), zero sot at 20.4° C. 

Koom Temporal lire 22.5° C. Atwater boml). 

Acid found equal 7.2 ee. N/IO Na!C().tX 1.45 cal. =10.4 calorics 

Volatile sulphur (aliquot i) S.tJ e.m. = .OOt.S gram X 15 cal. = 0.2 calories 
Iron wire (io milligrams) = 10.0 calories 


Thormomotor roacliiiK-s, 
Half xniiiuti* iuterv:*b 


f 0.079 


Prelimi- 

nary 

]>eriod 


O.OM) 

O.OSl 

0.0S4 

O.OSG 


Average rise in temperature: 


.(K)7 


= .0014 


Combus- 

tion 

I^eriod 


1.000 

:i.270 

4.or>o 

1 225 
4 207 
4 27S 
4 270 
4.27S 


Final j 
f>eriod 

Average fall 


4 27.1 
4 270 
4 20S 
4 2(i4 
4.21)0 

ill teni])erature : 


.01 S 
5 


= .oo;]o 


32.0 calories 

(yorroeted temperature, end of (•()iri!)Ustion 


lieriod 4.277 

CWreetofl temperature, end of j)relimi- 
nary jieriod O.OSO 


[ .\i)pan‘iit rise in temperature eorreeted for 

I thermoifuder calibration 3.2t)l 

j riicTiiiometcT correct ion for settifig and 
I room tem])erat lire +0 022 

Apparent rise in toTriperatiire, eorreeted 

for tliennometer sc‘tt ing 3.313 

Jladiiition eorreetion : 

.1 +,( _ H 0 ,«i 

Corrected rise ill U'tujKTatun* ;■{ ;,yi 

W'atiT <*qiiivalciit (grams) 2(K)(> 

(;alorics (2(MM)x;i.2;U) (itUiS 0 

Correction for ae-idity, sul|iiiur trioxide 
and iron .'{2 0 

.\etual ea.Iories, coal as reeeivcil 

Calories (dry l»;i.sis) Otwri.d v-.!).'i22 (lUO'J'o 

— n.oistiii-e) l5()t)S.5 

Il.t.u. |K*r 111 . of coal (dry basis) 

(ti!»()S.5xl..S) . . 12,.543 

H.'.u. per II). of combtis il>lc (dry b;,.sis) 
ri5i:i ^ .842(100% -ash) ’. 14,807 


V.C.M 7.7 

Ash 15 8 

Vol. sulphur 0 48 

Moisture 4.78 


average final change. C-orro(!ting for an c.vtra combustion interval conntoracts 
this error. 

The nitrogen in the coal and in the air of the bomb forms nitric jwid. This 
does not occur when coal is burned in the furnace, hence the bomb determi- 
nation is too high by the amount of heat thus produced. The calorific value of 
nitrogen burning to nitric acid is 230 calories per gram of nitric acid. ICach 
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cubic centimeter of N/10 sodium carbonate used in the titration represents 
1.45 calorics. 

Furthermore, sulphur in the furnace bums to the dioxide and in the bomb 
to the trioxide. This excess heat in the bomb must be corrected for as well 
as the fact that all of the above acidity is not nitric, but is partly sulphuric 
acid. This correction is conveniently made by adding to the acidity correction 
(nuwle as if it were all nitric acid 1.3 calorics for each 0.01 gram of sulphur. 
This represents the excess which tiie oxidation correction is over its expression 
as the formation of nitric acid as obtained fnmi the titration. 

The correction for the iron fuse wire is 16 calories for each 10 milligrams. 

All other corrections are met by standardization under conditions similai 
to those under which the calorimeter is to be used. Such errors arise from h^ss 
of heat by evaporation of water wliile stirring (probably covered by the radia- 
tion correction), gain in heat due to c*ombustiblo gases in the oxygen, changes 
in .sfMicific lieat of water at variou.s temperatures, changes in the gases present 
after comlmstion, and clianges «»f i)ressure of the gases in the bomb. The last 
tliree errors am too small to tak«^ into a<*count. The oxygen error has dis- 
appejired since the introduction of tJie purer gas manufactured by the Linde 
Air Products Comjnmy. 

Inspection of tlie boml) contents should alwaj's be made to insure that 
tliere are no sooty deposits r)r coal thrown from the capsule. Some coals 
reciuirc to be compressed into pellets to prevent the above. 

'I'he iwoeethire outlined above, using half-minute intervals, saves eonsiderable 
time (nearly one-balf) over the usual jirocedure and produces ver>' accurate results. 

Standardization of the Calorimeter. AVliile there are several ways of 
determining the water e(iuival(‘nt of the calorimeter, that is, the heat capacity 
of the ai)i>aratus exi)ress('d as though it were ail Avator, ojily one method should 
be us(!<l by <!ommerejal laboratories, and <hat is to burn in the calorimeter a 
known weight of jmn' subslanee, the calorific value of wliich has been deter- 
mined by the Burc'aii •)f Slandards, Washington, D. C. Of those furnished, 
benzoic .acid is ijreferabh*, as it readily ignites and burns completely. If cane 
sugar should bo used, a few milligrams of benzoic acid are necessary to assist 
ignition and correction must be made for its heating value. Cane sugar does 
not always burn eonifiletely. 

Procure standardized lienzoic .acid from the Bureau of Standards. Compress 
into ]>ellets by means of ]wllct press suflicient benzoic acid to produce approx- 
imately as many ctdories as are given by the coal, that is, about 7000 calories. 
One gram of benzoic aeiel i)roduees (5.320 calories. Determine in the calorim- 
eter the temjMirature rise T)nMluced by the benzoic acid with the precautions 
u.sed in a regular coal analysis, correcting for thennometer and radiation errors. 
Multiply the grams of benzoic acid taken by (5320 calories, add the calorics 
prenlueed by formation of nitric acid as obtained from the titration and add the 
calories i>rodueed by the iron fuse wire. Divide this sum by the corrected 
ri.se in temperatun?. Tlie (luotient is the w.ator-cquivalent of the calorimeter. 
The amount of water a<ldetl to the bucket is then change<l so as to make the 
total calorimeter ecpiivalent a round number, such as 2(K)0 for the Atwater 
or 2fl(X) for the Mahler. The amount of water should be sufficient to entirely 
immerse the bomb and avoid spattering by the stim;r. Then restandardize 
with the new quantity of water. 'I’lie conditions of combustion should be as 
closely as possible like those prevailing during regular coal analysis. 
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DETERMINATION OF FUSIBILITY OF COAL ASH 

This dotennination has become of increasing importance in recent years, 
especially in relation to mechanical stok(‘rs aiwl gas manufacture. The com- 
position of the ash, not its amount, is the determining factor. Alumina is 
them ost refractory constituent and its fusing-point, 2000° C., is lowered propor- 



Fig. 107. — Hoskins Electric Furnace, Optical Pyrometer in Position, Also (X) Method 
of Supporting Cone in Graphite Block. 


tionatcly to the amounts of silica, alkalies, and iron present. In many coals 
the amounts of all but the latter do not lower the fusing-point sufficiently to 
cause trouble, that is, below 1100° C. The amount of iron becomes then of 
supreme importance, as the last straw that breaks the earners back. This is 
popularly shown in the classification of coals as red ash and white ash. The 
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condition of the ii’on is of great importance also, as in the ferric condition it 
has but slight effect, but in ferrous condition it lowers the fusion-point greatly. 
The influence of sulphur upon fusing-point probably depends upon the accom- 
panying presence of iron as pyrites. In the coal bed in the presence of burning 
carbon the ferric oxide may be reduced to ferrous oxide or not, according to 
the care of the fire and the amount of oxygen supplied. This explains dis- 
crepancies occurring between the facts of clinkering of the coal on the grates 
and the fusing-point as determined in a laboratory furnace. The fusing-paiint 
varies in different tyi^es of furnaces for the same reasons. It -seems safest to 
choose such furnaces in laboratory tests as give reducing atmospheres and 
hence lower fusing-point, indicating the possible danger. 

A convenient furnace, for high temperatures especially, is the Hoskins Elec- 
tric Furnace. The heat is generated by passing a heavy alternating current 
of low voltage through a series of carbon plates. Temperature is regulated 
by compression of these plates. Tliis furnace uses a 60-cycle alternating cur- 
rent, 220 volts, about 40 amperes. The current is transformed by an air-cooled 
tnuisformer to a cuirent of 10 volts. The maximum temperature produced 
by the furnace is about 2000° (J. 

The coal is burnetl to ash at as low a temjMsrature as possible in clay dishes. 
The ash is moistened with water and moulded into the shape of a Seger cone 
(J in. by 2^ ins.) by pressing into a mould conveniently made of lead. A piece 
of thin paper, moistened, is laid in the mould to facilitate removal of the cone. 
Some coals may reiiuire 1 0% dextrin j)asto as a binder, but it is usually unnec- 
essary. The use of smaller cones has recently been advocated. The cones 
may be set in triangular holes in a Dixon graphite block and placed in the furnace 
so that the cone is horizontal. This position gives as concordant results as 
the vertical position, if not closer. The fusing-point is taken when the cone 
(Iroops into a Yerti«-al position. The tomfierafure must not rise too rapiilly 
when near the fusing-point, about C. per minute. The temperature is con- 
veniently read by a fixed-focus total-radiation pyrometer or an optical pyrometer 
of the Wanner type, lleducing atmospheres prcclutle the use of metallic couples 
at high temperatures. 

Noth. The 77icthods in this chapter are b.asod ui>on those in use at the Mt. 
Pro.spect Laboratory, of the Dcp-artnient of Water Supply, G.as and Electricity, 
New York t'ity. The method for fusibility wsis obtained originally from the Lab- 
oratory of the Consolidated Gas Company, New York City. 
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GAS ANALYSIS 

Augustus TI. Gill^ 

SAMPLING 

Tho proposs pousisls in tlu‘ insprlinn of u suitable tube into the flue or duct, 
and tlie wit.hdnnvnl of llie gas souglit, by some sort of jniinp. 

Tubes. 'I'lic tube emjiloyed varies nitli the nature of the gas and its tem- 
perature. Ordinarily', ii eoinbustion tube a meter long of iO 17 inin. outside 
diameter, which has been drawn down to 7 mm. at one end, to facilitate the at- 
tachment of rublx'r tubing, is used. These soften at about r)(K)° (\ For higher 
temjM'ratures we have a choice of ([uartz, iioreelain lubes of about the same di- 
mensions, or water-cooled metal tubes. Uncooled metal tubes cannot lie em- 
ployed above 2”)()° without diinger of reduction of the oxides of the metols 
composing the tube, by the carbonic o.xide contained in the gases.* If porcelain 


A 


Fio. 108. 

tubes lie used, they should lie glazed within and without, to prevent the trans- 
fusion through them of the lighter gases like methane and hydrogen: they, as 
well as glass tulx's, shoidd be warmed before insertion into a hot flue. The 
construction of the water-cooled tulics will be evident from Fig. 108. 

For cooling the gas, the tube should not be inserted to its full length. 
Rolls of wire gauze can be insoHed near the cool, dra'W'n-out end of the tube: 
these will serve for the remoA'al of soot and dust. The removal of dust may be 
further effected by the use of jilugs of asliestos or glass wool. 

1’ho place from which the gas is collected should be so chosen as to give a 
representative sample, and all openings exeept those intended for the inlet of air, 
stopped up. In a circular duct or chimney the average velocity of the gases is 
usually at a point one-third the distance from the wall to the center. In case of 
a boiler, the setting should be carefully insjwctcd, all cracks filled with mortar, 
and the clean out doors made tight. The fact that bricks themselves are porous 
must not be lost sight of, and new settings should bo sized and given a coat of 
whitewash. If possible tlie tube should be inserted below the damper to avoid 

* Profes.'ior of Technical Analysis, Ma.ssachu8ctf s Institute of Technology. 

* Fischer, “Technologic dor Brennstaffc,” 1880, f). 221, cites an instance in which 
CO 2 was changed from 1.5 in the mixture, to 26% by the passage through an iron 
tube heated to dull redness. 
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leakage from that source. A second hole should be made for the introduction of 
an oil tube for tlic thermometer. The joints around these tubes should be made 
tight with mortar, plaster of Paris, or in the case of a tempomry comiection, 
putty or wet cotton w'aste. C^are should be taken not to insert the tube so chjso 
to the source t)f heat as to withdraw the gases in a dissociated or partially decom- 
posed condition. For sampling the gases from different zones of a blast furnace, 
W'ater-cooled tubes are made which can be screwed together to produce the 
desired length. 

Pumps. Where a sufficient head of w'ater (15 or 20 lbs. is enough for our 
purpose) is available, the Richards jet pump. Fig. 109, may be used. This can bo 
easily constructed in glass as shown 
in Fig. 110 and the glass jets drawn 
down to suit the water pressure. It 
may bo noted that the pump may bo 
operated with steam equally as well 
as with water. 

In ca.se a head of water l)e not 
accessible, pumps employing a fall of 
water — the Bunsen 
pump. Fig. Ill, may be 
used. This consists es- 
sentially of a quarter- 
inch tee, one branch of 
which is connected with 
the water supply, an- 
other with the ve.ssel to 
be evacuated, W’hile the 
third is connected with 
10 ' or 15 ft. of quarter- 
inch pipe, preferably 
lead. The water in this 
acts as a moving piston 
Fio. 110. draws the gas in 

after it. 

W^herc none of these is available, some type of 
a power-driven pump, or an ordinary rubber syringe 
bulb may be employed. In.stead of the.se, two a.spi- 
rator bottles — of gallon or two-gallon size — ^will fur- 
nish the nece.s.sary suction. These are made by 
passing two gla.ss tubes bent at right angles through 
each rubber stopper fitting the bottles: one branch 
of one elliow stops ju.st under the stopix?r, while a 
branch of the other goes to the bottom of the bottle. Fio. 111. 

The tulx?s caiTjung the long branches are connected 

by a 3- or 4-foot piece of quarter-inch rubber tubing provided with a scrc>v pinch- 
cock. Upon setting one Ixrttle higher than the other and blowing into its shorter 
tube, water siphons through the longer into the lower bottle, producing suction in 
the upper. This is sometimes used for taking a continuous sample extending 


IR>AM 

Fio. 109. 



^ For the highest vacuum over 32 ft. — the height of the water barometer. 
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over several hours. Strong brine is a suitable solution for the bottles, since it 
possesses the* udvanlage ov(?r water in al)sorbing less carb{)n dioxide. 

Containers for Samples, 'rhe.se are of glass, preferably of the shape shown in 
h’ig. 112. Being pear shaped, the vc.s.sel is completely emptied, leaving no liquid 
to exercise a solvent action on the gas. The tub- 
ing shown in the figui’e is of lead, which can be 
safcily used for chiiunc'y gsuscs after it l)ecr)ines 
attacked by them. Its obvious advantage is found 
in the fact that it bends rather than breaks, (llass 
bottles —parts of tli(! aspirat<»r just descriixjd — 
may Ixi used; the rubber connection should be thick, 
carefully wir<‘d on and provided with sennv pinch- 
cocks. I'he long tube should carry a short piece of 
rubljer tubhig within the Ijottle reaching to its side; 
by tipi)Uig it the water can bts more complett'ly run 
out through this tube. The use of metal containers 
in geiu'ral is not n’cominended, as those of zinc or 
g.ilvanized iron arc attacked by carbon dio.vide; 
where the giuses do not act upon the metals they 
may of course be advantageously employed. To 
ensure tightness, the rubber stoppers used should 
be held in by screws W'hich fit into a brass plate on 
top of the stopper and into wire loops about the 
nock of the bottle. This compresses the stopper 
about the tubes and into the bottle neck, making 
a thoroughly tight joint. Or the brass plate may 
be replaced by a piece of sole leather and wire 
]>asscd over this after the manner of wiring down Pjq_ 112 . 

the bottles containing carbonated waters. 

The use of rubber bags is not to be rccommended, as they absorb certain gases 
and are oxidized by other.s : the most satisfactory containers arc glass tubes pro- 
vided with drawn-out ends which can lie soak'd in the lamp flame. 

In connecting up the sampling tube, container and pump, the use of rubber 
tubing is to be avoided as much as jxissiblc for the reason just given. 



MEASUREMENT OF GAS IN LARGE QUANTITIES. METERS 

Several types of instruments are available for this purpose. 

The diy meter ) total gas passed — not for acid gases. 

The Pitot tube or Davis anemometer For all gases par- 

The llotameter or Thorji gauge ticularly acid 

The ('apometer All these measure 

The Thomas < lectric meter velocity simply 

The orifice meter 

The anemometer 

The fii*8t two meters show all the gas passing .through the sj'stem while the 
others simply measure the rate of flow: with these the size of the pipe must be 
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known. Of all these instruments, the wet meter and Thomas meter are probably 
the most accurate. They, however, like some of the others, cannot Ikj used with 
corrosive gases, being constmoted of metal ; hence the Pitot tube, rotameter and 
capometer are the ones to be employed in chemical works. 

The wet meter consists of a cylindrical drum divided into four spiral comjiart- 
ments, suspended in a bath of water, surrounded by a tight casing: the pressunj 
of the gas causes the drum to rotate, empt 3 ’ing a drumful of gas into the cjusing 
and pipes. It must bo set level, the water level <*arefully adjusted h) the mark 
on the glass gauge, with its top open, as well as the inlet and outlet pipes of the 
meter. The higher the water level the faster the meter. The dry meter consists 
of a pair of metal bello'ww, with sides of leather soaked in oil, on either side of a 
diaphragm, and connected with slide valves so that a bcllowsful of gas is altemat(ily 
emptied into the upper part of the meter and piping. The vibrations of tlie 
bellows produced by the gas pressure are transmitted to clockwork and indexes. 
It is to be noted that the indexes apparently read one-tenth of the actual volume 
passed: the index must make a complete circuit to register the amount stamped 
on the dial. A small index and dial are usually present for testing the meter, and 
a tolerance of 2% is allowed by law. Tliis testing is done by meten-provers, care- 
fully calibrated gas holders kept at eonstant temperature and the rate determined 
at different speeds. The meter-provers are. in their turn, calibrated by a cubic 
foot, standardized at the Bureau of Standards. It should be noted that all this 
calibration is corrected, not to standard conditions (0® C. and 700 mm.), but to 
the cubic foot as fixed by law — ^gas saturated with moisture at 60® F. and 30 
inches. 

The Pitot Tube. Fig. 1 13. This consists of two glass-tubes, D, of about A inch 
internal diameter, inserted in the gtus stream: one is bent at right angles and is 
set so that it receives the impact of the gas movement; the other merely registers 

the pressure of the gas in the piix?. The 
point of insertion of those tubes in the 
chimney or duct should be in a long 
straight run of pijie, so as to bo as free 
from eddies as possible. Davis ' Stij's 
that authoritifts differ as to whether the 
tubes should be a third or one-sixth of 
the diameter from the. circumference to 
show the mean speed: he states further 
that each flue or chimney i.s a separat<! 
problem and as a result of hundreds of 
measurements there seems to l)o “ no 
Fig. 113 . settled proportionate distance corre- 

sponding to the mean velocity.” 

The glass tulies are connected by rubber tubing, C, through a reverser, li, 
with a U-tubc A , which is either set vertically, inclined 30®, or one in ten— this 
carries a vernier reading to hundrt'dths of an inch so that readings to thousandths 
are feasible. The U tube is filled with solutions of different specific gravity, 
although ether of 0.74 sp.gr. is the one commonly employed. The difference 
between the arms of the U-tube represents the difference between the kinetic and 
static pressures of the gas in the flue or chimney. 

* “ Handbook of Chemical Engineering,” 1, 197, also for the tables for its use. 
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Tho formulae for I’ulculaiiiig the velocity jire 1” =\/ y;X2S.55 where V = velocity 
in feet per second, p the Jinernf)metor reading, or ^ 
twice the hc'ight of the ether column, the giis being 
at a temperature of lo./)® C. (GO® F.) aiid HO inch(;s 
ban)metric jjrcssure. As this, however, rarely occurs, 
the formula is 






459+t' 


51!) 


X 28.55 


giving the speed for the high temperature (°F,). 

The Rotameter, Fig. 114. This is a (lerman in- 
strument depending upon the height to which a fl(*at 
is carried in a ghiss tube by the velocity of the stream 
of gas. A modification of it was used by some of the 
gas-lighting companies imdcr the name of the Thorp 
gauge. 

It consists of a graduated ghw^s tube fixed upon a 
triix)d and provided with a plumb line so that it can 
be set vertically: giJS pa.sses in at the lower end, raises 
the clay or talc float to a certain height and passes 
out at the top. I’lie height to which the float is 
raised is noted on the graduations of the tul>e. The 
formula for its use is 



F. = T 



}L 

M' 



Fig. 114. 


V = volume gas as shown by reading of in- 
strument, M its specific gravity = 1.0. 

F = volume desired, Mi = sp.gr. of gas. 

It is made in all capacities from 0.2 cu.ft., 
per hour up. 

The Capometer.3 Fig. 115. This consists 
of a sc'-ics r)f capillarj’' tubes of different sizes 
through which the gas is made to pass and the 
pressure thus produced noted in the U-tube A. 
ICach capillary is calibrated and curves of gas 
flow are made corresjwnding to different pres- 
sures in the U-tube and various capillaries. 
H H Hi H H A I instrument made W’ith capilliiries 1-4 mm. 

Hm H » w ^ n ^ I in diameter has a capacity of 0.004 to 70 cu.ft. 

^ H 3 per hour. 

^ The Thomas Electric Gas Meter.* This 

Fig. 115. dejjends u|)on the principle that if the specific 

heat of the gas be knowii, and an amount of 
energy be jait into it, by means of a coil, sufficient to keep a certain difference 


» Anon., Ch. Al)s., 6, 1695, 1911. 

* J. Gasbcleuchtung, 55, 557, 1912. 
' Thomas, J. Frank. Inst., 172, 411. 
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of temperature between two thermometei’s, one before and one after the coil, this 
energy is a direct measure of the volume of gas flowing. Two electrical thermom- 
eters are placed in the stream of ga.s with a heathig coil between them: 2® differ- 
ence of temperature is automatically maintained betw’cen the tlieriiiometc'i's and 
the energy to preserve this difference of temperature (.0127 watt hour jM'r stand- 
ard unit of gas) is read off on the meter as cubic feet of gas. It is ind(‘})endent of 
temperature or pressure changes in the gas, and is iLsed up to gas pr(’ssurf‘s of 
180 lbs. jK'r square inch. I'liis is uschI in a AVestem gas woiks Tncasuring 
200,000 ft. of gas iK*r hour. 

The Orifice Meter. Li this the same principle is nsc'd as in measuring water, 
by determining the diminution in pressun* as n'gisterc'd on tlelicaO' gaug<’s In'fore 
and after the gsus has parsed through a .standard orifice. It is largely used for 
measuring natunil gas. 

The anemometer is used ordinarily for measuruig curnnits of air h'aving or 
entering a room, analogous to its cm]>loynM‘nt in moteoi'ology. 


MEASUREMENT OF GAS IN SMALL QUANTITIES. GAS 

BURETTES 

Here may be mentioned tlx! Hcmpcl gas burette, made for accurate work with 
a comijensation tube; the bullx'd Orsat or liiinte burette; the .‘<(*])aratory funiad 
and graduate. 

The Hempel Gas Burette, Fig. 122, consists of a KKbec. bundte graduated 
in fifths of a cubic centimeter, provided with ;i short capillary at the toj) and clost'd 
with a rubber coimector and pmch-cock, and a wider tube at tlu* botfom, over 
which the A-hi. rubber tube is drawn, which connects it with the leveling tube 
of similar size and length to the burette. Like all volumetric instruments, it 
should 1)0 carefully calibrated. It is majiipulatcd by fillijig the leveling tube 
completely with water, oi)ening the pinch-cock on the top of the burette and 
filling it with water. 'I’he gas to be analyzed is sucked in and measured as 
with the Orsat appiiratus, j). 097. 

For accurate work the burette is cnclo.sed in a watcu’ jacket, c(tnnected with 
a compensating tube also contained in W'ater jacket, and provided with a 
manometer so that changes in tcm|)erature or pressm-e may be lanitralized. 
Mercury, instead of water, is the confining li(|uid. Instead of a straight tube, 
Bleier ^ used one consi.sting of a string of bulbs of aliout lO-cc. ca])acity; by 
means of aside connection with a gradiuited lO-ta;. bundh;, volumes of JO-cc. 
multiples and fractions can be measured. I’he Orsat, Fig. 120, and ElUott 
apparatus, Fig. 121, use bulbed burettes to short(;n them, connected with l(*v('ling 
bottles. 

Separatory Funnel and Graduate, Fig. 130. From the water which has flowed 
out, the quantity of gas can be determined. See p. 721. 


^Berichte.31, 1,238. 
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ABSORPTION APPARATUS, TUBES, AND PIPETTES 


Those are (|iiile vari('(l ucoenliiig to the purpose for which they arc intended. 
A very eflicicint form is tlie Friodriclis Spiral (las Washing bottle, Fig. 116; here 
the gas has to pass through a long spiral path. Dennis* recommends this for 
the al>sor]>tioii of sulphur dioxide. The gas is run through a solution until a 
color change lakes plac(j. Were the reagent to l>e wji.shed out and titrated it 
woidd not seem so well adapted on account of the difficulty of thoroughly wash- 
hig it. 

The Varrentrapp and Will bulbs. Fig. 117, the u.se of which is evident from the 
figure, are u.sed for the ubsor])1ion (if aminojiia iii illuminaiing gjis. The Wolff 



absori)1ion lube, h’ig. 1 18, the einjity arm of which is filled witli beads or broken 
glass is used for tla; absorj^tion of carlxm monoxide by blf)od. The bulbed tube, 
provided vilh a sm;dl j«>l, is generally usetl for eontaming standard solutions of 
acid, alkali, or iMdassium i)ermangaiiate or, in general, a solution which is to 
b(‘ titrated after absorption. Wh(*re the prcwcnce of a gas as, for example, water 
vapor, is to be delermined by the increase of weight of the reagent used, Winkler’s 
spiral. Fig. 116*, may be employed. 

Pipettes - -I’articularly for the Orsat Apparatus. The.se are ordinarily filled 
with glass tulx's, but varioiLs inodifi<'at ions have been proposed: the.se are the 
bubbling t 3 ^)e of Ilankus, the spiral bubbling variety of Nowicki-Heinz and a 
combination of the I’riedrichs wash bottle projjo.sed by Dennis. All these suffer 
from the Aaiiy serious disadvantage of a glass three-way stopcock at the top, which 
it is i)rac‘tically ini])ossible to i)revent from sticking, unless the apparatus be u.sed 
by one imusou and that one exceptionally careful and painstaking. Dennis* 
has shown that oiu; variety is no more rapid than the original and some of the 
others but little moi-c so. Wlu'u it is further considered that they cost four times 
as mtieh, * their use would seem of doubtful exiK-'diency. 

* “ (las Analysts,” p. 274, 1913. 

* Called “ Winkler’s bulbs ” in the apparatus catalogs. 

* Ibid., p. S3. 

* Ten dollars. 
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It is interesting to note further that Anderson * has shown that with the modi- 
fed potassium pyrogallate which he uses, the original Orsat slightly modified, 
to allow the precipitate to settle, is the best. 


EXAMINATION OF THE GASES 

The qualitative exaiuination of a gaseous mixturc is rarely resorted to in 
technical work: a sufficiently close idea of the gases present can be obtained by 
a coiisideration of the reactions involved in the various operations. It is, however, 
not safe to rely upon this in matters of importance, as conditions may change: 
for example if the gases bo dry or tliliite, hydrogeji suli)hide and sulphurous 
anhydride can exist together. Similarly in sewage ga>es, all the gas absorlM*d by 
cuprous chloride is probably not carbon monoxide. Tlie means of identifying 
the different gases will be found under each gas. 


Detection and Determination of the Various Gases 


Clemens inkier divided the gases into seven groups acconliiig to their 
liehavior with varioiLs solvents, 'rhese wert; contained in suitable absorption 
tubes or vessels and the gases jxissed thrmigh them. His sclieme was as follows* 
Cases absorbed by 


I. HaSOi 1.7 sp.gr.; Nib, (NaOj), X 2 O 4 . 

II. KOII 1.3 sp.gr.; ('h, HCl, (CX)^, IICX, SO,,, IbS, SiF*. COg. 

HI. AgNXh; Fib, AslI.,, ShH,. 

IV'. Pyro; O2, (Oa). 

V. CuC’l; CO. 

VH. Acid FeSO* 1 :2; XO. 

\II. Unabsorix'd; lb, (’IT4, Cjib, C 2 II 4 , X,.0, Xj, COS, and the noble gas(‘s. 

The following tabh's give the specific gravity refern'd to air, the .solubility 
in water at 20 , tin? (pialitative tests and <juantitative methods «)f determination 
of the.se gases: a<lditionaI means will be found mentioned under the several ga.ses 
themselves. 

Groui* T 


Orifteis Ahsorhed by ir^SOa 1.7 np.gr. 


Name 

Ammonia. 

Nitrous anhydride. 

Nitrogen letroxidc. 

Gravity, air = l 

0..580 


1 .590 

Qualitative Tests.. . . 

Fumes w. HC.'l on a 

Acts like a mixture 

Absorb in KOII, 


rod. Nessler’s re- 
agent. 

of NO and NO 2 . 

test for nitrites. 

Quantitative Dct’n . . 

Solubility 20 ^ C., 1 cc. 

Absorption instaiiii- 
ard acid. (;)r 
;iXaBr()+2NHa 
= N2+3NaBr+ 

Or al)Sorp- 
tion in water and 
Nesslerization. 
pp. 291, 637. 

1 

Absorption in N /!() 
KMnO, - 2 X 1^004 
d-lONOs+SlbSOi 
+2IbO = 10HNOj 

+ K2S()4 + 

2 MnS 04 . Or in 
standard alkali. 

water absorbs cc., . 

078 


Forms HNOj.llNOa. 


* J. Ind. and Fug. Chem., 8, 131-3, 1016. 
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Group II 

Gases Absorbed by KOII 1.3 sp.gr. 


Name 

Gravity, air = l.. 
Qualitative Test, 


Quantitative Det’n . . 

Soliil)ility ‘it)'’ (\, 1 cc. 
wilt _T 'liiMirhs cc . . 


Chlorine. 

2.449 

Kl . tarch pa] r. 


2KI+Cl2 = 2KCH 

1 * 2 . Gr absorption 
w. KOIT. 

2.15 


Hydrochloric acid. 
1.259 

Fumes w. Nils. 


Absorption in stand- 
ard alkali or sil- 
ver nitrate. 

442 


Cyanogen. 

1.799 

Pass through mix- 
ture of FeSOi 
1 : lO + KOH, 

1 : 3. 

and ppt. as Prus- 
sian blue w. ferric 
alum and ll2S04.^ 


4.5 


Ilydrocyanif^ acid 


Siil])hur dioxide. 


Hydrogen sul- 
])hide. 


*^'ilicon fluoride. 


Carbon dioxide. 


0.930 


2.213 


1.177 


3.00 


1.520 


Absorption in 
KOIf and 
FeSOi and 
FeC3i! = I Rus- 
sian blia* Ab* 
sorption w. 
I\()I1 or acid 
AgXOj.*-* 

Very sol 


Fuchsine paper 
bleached or 
KlOa starch 
])a])er. 

SO, 1 21+211,0 
= H,SOrl 2111 


30.4 


l^bAc, ])aper, 
absorption by. 
1 solution. 


1128+21 = 
2 III+S. 


None 

3SiF4+4H20 
= Si( )4ll4 + 
2 H2SiFc. 


2,07 


I decomposed. 


Ba 02 fr 2 on 
black rod. 
Absorption 
w. KOH or 
BaO,!!, and 
titration. 


0.892 


GiioiTi* HI 

Gtisf s Ahsorhnl by AgNOj. 


Name 

1 

' Hydrogen phos])hide, 

■ Phosphine. 

^ Hydrogen arsenide, 
arsine. 

Hydrogen antimo- 
nide, stibine. 

Gravity, air = 1 

l.l/.'i 

2.090 

4.330 

Qualitative Test 

Neutral 1 1,0 Solu- 
tion KI H IlgJo — 
eryst. orange yel. 
l>I)t. PHgala.® 

Blk. ppt. of AsAgi w. 
AgNO,. 

1 

lilk. ppt. of SbAgs w. 
AgNO,. 

Quantitative Det’n . . 

l^ass through lir 
water and ppt. 
II 3 PO 4 as usual. 

Absorl) w. NaClO 
cent. 3% Cl.< 

DeconifKisc w. 
tartaric acid and 
det. Sb. 

Solubility 20® C., 1 cc. 




whaler absorbs cc.. . 

1 0.02 

about 5 

Slight. 


*Nauss, J. Gasbeleuciitung, 43, 909, l!K)(). 
*Hhodes, J. Ind. and Kng. Ch., 4, 052, 1912. 
^Lemoult, (\iiript. rend, 139, 478, 1904. 
^Reekleben, Z. ang. Ch., 19, 275, 1900. 
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Group IV 


CiRorp V Group VI 


Absorbed by jxttnssium pyro- 
yallate 


Absorbed by 
rnproufi chloride 

A Itsnrbcd by 
Fc^()\ 1 : ^ ttrfdu’^ 
bitcd ir. 

Name 

Oxygen. 

Ozone. 

( 'arbon monoxide. 

Xitric o.xide. 

Gravity, air = 1 

1 . 105 

1.62 

().!)( >7 

1 .o;]s 

Qualitative 



Absorl> in blood, 

( )xi<li7.e, al)sorb in 

Test 

Darkening of 

MnCl-i paper; K1 


light brown 

Starch paper. 

and examiiu' | 

I KOll ami test 

Quantitative 

pyro.’’ 

N 2 O 4 anti HjOj 
being remtivetl 
by KMnO^. 

w. spectroscopt'. 

! 

for nitrites. 

Det’ii 

By -‘PjTo/' 


Absorption w. ! 

Absorb in FeS 04 

Solubility 

20® C., 1 ec. 
water ab- 

( 'uCl in ab- 
sence of GO, 

1 

1 

1 

(AKM. 1 

1 : 2 acidulal(‘d 
w. f I iS( ) 4 or\\ itli 

KAInOjas.WV 

sorbs cc 

0.028 

! 

O.tiatO" i 

1 

0 . 02:5 

0.207 


Cluoup VII 

UnabsorhrJ 


Name 

Hydrogen. 

Methane. 

Kthyh'ne 

(ethene). 

Acetylene 

(ethiiie). 

Gravity, air = l.. . 

.0090 

0.551 

0 . 96S 

0.S99 

Qualitative Test. . 

None. 

Xo!ie. 


Bed pi)t. w. 
am. CuGl 
(explosive!). 

Quantitative De t n 

By combustion 

By combustion 

Absorf)tion w. 

As Gall , which 

Solubility 20® C., 

1 cc. water ab- 

or explosion w. 
O 2 . 

or explosion 
w. 0 ,. 

Br water or 
H.S,07 

sec. 

absorbs ee 

0.0182 

0.0:i5 j 

0. 15 

1.03 


Nitrous oxide. 
1.523 


None. 

By explosion with H 2 
or combustion w. 
CuO. 


Carbon oxysiiljihide. 

Nitrogen. 

2.074 

0.970 

None. 

Alcoholic KOII 1 : 3 
in 00% alcohol by 
weight. 

None. 

By ab.sorf}fion or 
combustion of all 
other ga.se.s and 
nn'iisuriiig t h (i 

residue which also 
contains the noble 
gases. 

0.3 

0.014 


Tli(j iiohh^ ^iises. 

Helium, Neon, 
Ar^on, Krypton, 
X«}nori. 


0.670 
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Notes. (luori»l: NiiBrO is made ]>y saturaiiug a 10% solution of caustic soda 
with l)n)miuo. 

(.ijiom* II: Chlorine can ho removed from hydrochloric acid bv passing the 
gases over fiiu‘ly juiwdi 'red antimony: hydrochloric, acid can be removed from chlorine 
by means of niangaiu'so dioxide or zinc oxide. 

The following redactions will serve to discriminate between IICN and (CN) 2 : 

((.'N) 2 + 21 I,() 1 (li( 1 )= 2 CO(Nil 2)2 + (ll(l) oxamidc. 

IIC>I+2Il/) + (n( 1) = IK:0()H+NH3+(11(1) formic acid. 

Cyanog(Mi is not absorbed by acid silver nitrate solution, from which it can bo 
separated by drawing air through it: hydrocyanic acid is precipitated under these 
conditions. 

Ouooc IV: Ozorud can be determined by Wurster’s ’ method, consisting in pass- 
ing the gas ovidr paper moistened with freah para plienylenc diamine^ and comparing 
fh(* ilepth of color produced with a standard paper. In large quantities it can bo 
determined according to ''J'readwcll and Anrielcr l)y passing through standard neutral 
potassiu’n iodide and til ration of the liberated iodine with N/10 sodium thiosulphate. 

Analysis of Gaseous Mixtures 

V 

The analysis of a gaseous mixture is effected by absorbing the various con- 
si itueiits and observing the dimiuuliuu in volume: in case the gas be imabsorbable, 
as for cxatiifde methane (Cdld, it is 
))unied and the carbon dioxide and 
water determined. 

(fl) Analysis of mixtures for carbon 
tlioxide, oxygert and carbon monoxide 
{,v.g. chimney gases, producer and blast 
furnace gas) can be done with any of 
tlie apparatus to be described. The 
Orsat, or Elliott are the forms usually 
cmijloycd. 

(fe) Analysis of mixtures as in (a) 
and also containing com6M.s<i6Ze gases as 
lydrogen and methane, c.g., illuminating 
gas. 

The Orsat Apparatus. Descrip- 
tion. The apparatus, J' ig. 120, is en- 
closed in a case to permit of transijor- 
tal ion from place to place; fuiihermoro, 
the measuring-tube is jacketed with 
water to prevent changes of tempera- 
ture affecting the gas-volume. The 
apparatus consists essentially of the 

leveling- hot tie A, the burette B, the ^ ^ 

pil)ettes B', P”, P'”, and the connecting tube T.’" Pipette'^F' is filled with 
potassium (or st)dium) hydroxide solution (sec Reagents) so that when it is 
drawn up into the front arm about half an inch in depth is left in the rear arm. 
Pipettes P" and P'" are similarly filled with potassium (or sodium) pyrogallate 
and cuprous chloride solutions respectively. These reagents require to be pro- 

» Borichte, 20, 921 (1888). 

> Obtainable from Schuchardt, Gfirlit*.'' 

• Treadwell-Hall, “ Quantitative Analysis, ”, 
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tected from the oxygen of the air by collapsible rubber bags. As the oxygen in 
the air over the reagent is absorbed, a diminution in pressme takes place rendering 
it difficult to bring the reagent to the point on the stem: the obvious remedy is 
to remove the bag temporarily and adjust the reagent. When the apparatus is 
is first set up, one or two blank analyses should be made, to saturate the water 
and reagents with the gases. For example the ix>tassium hydroxide absorbs carbon 
dioxide, it also absorbs about 3 cc. of oxygen, 2 cc. of carbon monoxide and 1.5 
cc. of nitrogen, by virtue of the 100 cc. of water which it contains. A change of 
temperature of 1** makes a change of 0.36% of the volume of the gas: a change 
of pressure of 1 mm. produces 0.13% change in the volume. 

Manipulation. The reagents in the pipettes should bo adjusted in the capil- 
lary tubes to a point on the stem about midway between the top of the pipette 
and the rubber connector. This is effected by opening wide the pinchcock upon 
the connector, the bottle being on the table, and very gradually lowering the 
bottle until the reagent is brought to the point above indicated. Six inches of 
the tubing used correspond to but 0.1 cc., so that an error of half an inch in adjust- 
ment of the reagent is without influence upon the accuracy of the result. The 
reagents having been thus adjusted, the burette and comiccting tul)e are com- 
pletely filled with water by opening d and raising the leveling-bottle. The 
apjiaratus is now ready to receive a sample of gas (or air for practice). In case a 
flue-gas is to be analyzed d is connected with i, Fig. 112, A lowered and alx)ut 102 <*c. 
of the gas forced over by opening A; or d may be connected with a 1 -joint in the 
gas-stream; the burette after filling is allowed to drain one minute by the sand- 
glass, c snapped upon its rubber tulx;, jmd the bottle A raise tl to the top of the 
apparatus. By gradually opening c the water is allowed to run into the burette 
until the lower meniscus stands upon the 1(X) or 0 mark (according to the gradu- 
ation of the apparatus). The gjis taken is thus compressed into the si)ace occupied 
by 100 cc., and by opening d the excess escaj)cs. OiM*n c and bring the lend of the 
water in the bottle to the same level as the water in the burette and take the reading, 
which should be 100 cc. Special attention is called to this method of reading: 
if the bottle be raised, the gas is compressed; if lf»wered, it is expanded. 

Determination of Carbon Dioxide. The gas to be analyzed is invariably 
passed first into pipette P’, containing ix)tassium hydroxide for the absorption of 
carbon dioxide, by opening e and raising A . The gas displaces the reagent in the 
front part of the pipette, laying bare the tubes contained in it, which being covered 
with the reagent present a large absorptive surface to the gas; the reagent moves 
into the rear arm of the pijxjtte, displacing the air over it into the flexible rubber 
bag which prevents its diffusion into the air. The gas is forced in and out of the 
pipette by raising and lowering A, the reagent finally brought approximately to 
its initial point on the stem of the pipette, the burette allowed to drain one minute, 
and the reading taken. The difference between this and the initial reading 
represents the cubic centimeters of carbon dioxide present in the gas. To be 
certain that all the carbon dioxide is removed, the gas should be passed a second 
time into P' and the reading taken as before; these readings should agree within 
0 . 1 %. 

Determination of Oxygen. The residue from the absorption of carbon 
dioxide is passed into the second pipette, P", containing an alkaline solution of 
potassium pyrogallatc, until no further absorption will take place. The difference 
between the reading obtained and that after the absorption of carbon dioxide, 
represents the number of cubic centimeters of oxygen present. 



GAS ANALYSIS 


699 


Determination of Carbon Monoxide. The residue from the absorption of 
oxygen is passed into the third pipette, P'", containing cuprous chloride, until no 
further absorption takes place; that is, in this case until readings agreeing exactly 
(not merely to 0.1) are obtained. The ^fference between the reading thus obtained 
and that after the absorption of oxygen, represents the number of cubic centi- 
meters of carbonic oxide present. 

Determination of Hydrocarbons. The residue left after all absorptions have 
been made may consist, in addition to nitrogen, the principal constituent, of hydro- 
carbons and hydrogen. 

Accuracy. The apparatus gives results accurate to 0.2 of 1%, hence figures 
obtained by division to 0.01 should not be reported. 

Time Required. Almut twenty minutes are required for an analysis; two 
may be made in twenty-five minutes, using two apparatus. 

Notes. The method of adjusting the reagents is the only one which has 
been fotmd satisfactory: if the bottle be placed at a lower level and an attempt 
made to shut the pinchcock c upon the connector at the proper time, it will almost 
invariably result in failure. 

The process of obtahiing 100 cc. of gas is exactly analogous to filling a measure 
heaping full of grain and striking off the excess with a straightedge; it saves 
aritlimctical W’ork, as cubic centimeters read off represent per cent directly. 

It often hajqwns when e is opened, c lx*ing closed, that the reagent P' droijs, 
duo not to a leak, ns is usually supposed, but to the weight of the colmnn of the 
reagent expanding the gtis. 

'rhe object of the rublier bags is to prcvetit the access of air to the reagents, 
those in P" and absorbing oxygen with great avidity, and hence if freely exposed 
to the air would soon Ix'.come useh'ss. 

CarlxMi dioxiflc is always the first gas to be removed from a gaseous mixture. 
In the case of air the percentage present is so small, 0.08 to 0.1, as scarcely to be 
seen with this apparatus. It is imiK)rtant to use the reagents in the order given; 
if by mistake? the gas bo ixissed into the sectnid pi|x*tte, it will absorb not only 
etxygen, for wiiich it is intentled, but also carbon dioxide; similarly if the gas be 
ptussed into the third piiK?tte, it will absorb not only carbonic oxide, but also 
oxj-gc'n as well. 

The u.s(? of ijinchcocks and rubber tiilies, original with the author, although 
recommended by Naef, is considered by Fischer to be inaccurate. The experi- 
ence of the author, however, dt)es not support this assertion, as they have 
been found to lx? fully as accurate jis glass stopcocks, and very much less trouble- 
some and exix'iisivx*. 

In case any pf)tassium hydroxide or pyrogallate be sucked over into the tul)e T 
or water in A, the analysis is not spoiled, but may be proceeded wdth by connecting 
on water at d, opening this cock, and allowing the water to W'ash the tubes out 
thoroughly. The addition of a little hydrochloric acid to the water in the bottle 
A will neutralise the hydroxide or pyrogallate, and the washing may be postponed 
until convenient. 

After each analysis the number of cubic centimeters of oxygen and carbonic 
oxide should be set down upon the ground-glass slip provided for the purpase. 
By adding these numbers and subtracting their sum from the absorption 
capacity (see Reagents) of each reagent, the condition of the apparatus is 
known at any time, and the reagent can be renewed in season to prevent incor^ 
rect analyses. 
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Elliott Apparatus. Description. The apparatus Fig. 121 consists of a burottn 
holding 100 cc. graduated in tenths of a cubic centimeter and bull)cd like the 
Bunte apparatus — the bulb holding aljout 30 cc.; it is c«)nuectcd with a lov«‘liiig- 
bottle similar to the Orsat appiiratus. The top of the burette ends in a capillary 
stopcock, the stem of which is ground square to admit of 
close connection W'ith the “ laboratory vessel,” an migradu- 
ated tube similar to the burette, except of 125 cc. cai)acity. 
The top of this “vessel ” is also closed with a capillary stof)- 
cock, carrying by a ground-glass joint, or better a rubb<‘r sto|)- 
per, a thistle-tube F, for the introduction of the reagt'nts. 
The lower end of this “vessel ” is <'losed by a rubber stoji- 
per earr 5 ’ing a three-way cock o, and connected with a level- 
ing bottle D. The burette and vessel are h(!ld utx>n a block 
of wood — supported by a rmg stand — by fine coi)per wire 
tightened by violin keys. 

Manipulation. The ground-glass joint.s are lubricated 
with stopcock grease, p. 725. The leveling-bottles are filled 
with water, the stopcocks opened, and the Ijottles raised until 
the water flows through the stopcocks m and n. m is con- 
nected with the source whence the gas to be analj'zed is to 
be taken, nis closed, D lowered and rather more than 100 cc. 
drawn in, and m closed, n is opened, D raised and E low- 
ered, nearly 100 cc. of gas introduced, and n closed; by open- 
ing m and raising D the remainder of the gas is allowed to 
escape, the tubes being filled with water and tn closed, n is 
opened and the water brought to the reference mark; the 
burette is allowed to drain one minute, the level of the w^atcr 
in is brought to the same level as in the burette, and the 
reading taken. 

Determination of Carbon Dioxide. By raising E, open- 
ing n, and lowering D, the gas is j)a.ssed over into tlie lalxini- 
tory vessel; F is filled within half an inch of the top with 
potassium hydroxide, o closed, wt opened, and the rtuigent 
allowed slowly to trickle in. A No. 3 evai)orating dish is 
placed under o, and this turned to allow the liquid in the 
laboratory vessel to run into the dish. At first this is mainly 
water, and may be thnAvn away; later it becomes diluted 
reagent and may be returned to the thistle-tube. When the 
depth of the reagent in the thistle-tube has lowered to half an 
inch, it should be refilled either with fre.sh or the diluted reagent and alloW(‘d to 
run in imtil the absorption is judged to be complete, and tlie gas pa.ssod back 
into the burette for measurement. To this end close o and then rn, raise E, 
open n, and force some pure water into the laboratory vessel, thus rinsing out 
the capillary tube. Now raise D and lower E, shutting n when the liquid has 
arrived at the reference-mark. The burette is allowed to drain a minute, the 
level of the water in the bottle E brought to the same level as the water in the 
burette, and the reading taken. 

Determination of OjQrgen. The manipulation is the same as in the pre- 
ceding determination, potassium pyrogallate being substituted for ix)tassium 
hydrate; the apparatus requiring no washing out. 



Fig. 121. 
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Determination, of Carbonic Oxide. The laboratory vessel, thistle-tube, and 
bottle if iieceswiry, are waslied free from potassium pyrogallate and the absorption 
made wiih acid cuprous chloride similarly to tlie determination of carbon dioxide. 
The whii(! pr(‘cipi1at(; of cuprous cliloride may be dissolved by h 5 alrochloric acid. 

Accuracy and Time Required. The apparatus is as accurate for absorptions 
as that of Orsiil ; it is slated to be much more rapid--a claim which the writer 
cannot substanliiite. It is not as jx)rtable, is more fragile, and more troublesome 
to manipulate, an<l as the burette is not jacketed, it is liable to be affected by 
changes of temiM'ratun'. 

Notks. In cas(i at any time it is desired to stop the influx of reagent, o should be 
closed first and then in\ tlwj reason being th.at the absorption may be so rapid as to 
suck air iti through o, in being closed. 

'I'lie stopcock .should bci so adjusted as to cause the reagent to spread itself as com- 
pletely as possible over the shies of the burette. 

Jiy the addition of .nn (>xplosion tube it is used for the analysis of illuminating gas,^ 
bromine being u.setl to absorb the “ illuminant.s,” Winkler * states that this absorption 
is incom])lete; Later work by 'rreaflwell and Stokes, and also Korbuly,* has shown 
that bromine water, by a purely jibysical solution, does absorb the “ illuminants ” 
completely; Ilempel •* state.s th.it explosions of hydrocarbons made over water are 
inaeiairate, so that the apparatus can be de|)cnded upon to give results upon methane 
and hydrogen only within about 2%. It is, however, very rapid, a complete analysis 
of illuminating gas can be made with it in fifty-five minutes. 

Hempel’s Apparatus. Description. Ihe apparatus. Figs, 122 and 123, is 
very similar in lirinciple to that of Orsat; the burette is longer, admitting of the 
reading of small quantities of gas, and the pipettes are separate and mounted in 
brass clanqis on iron stands, shows a “ simple " pipette • provided with a 
riiblwr bag; this form, after twenty-five years of use, can be said satisfactorily to 
take the plaee of the cumbersome “ comixiund ” pipette. 

'riie pifXitte for fuming sulphuric acid • is shown at F, and differs from the 
ordinary in that vortical tulies after the manner of those in the Orsat pipettes 
replace the usual gla.ss beaiLs. This prevents the trapping of any gas by the 
filling, which was so coiumim with the beads and glass W'ool. E represents the 
large explosion jiipetle,’' of about 2a0~cc. capacity, with walls half an inch thick; 
the explosion wires <*uter at the lop and bottom to prevent short-circuiting; 
mereury is the confining li(|uid. The small explosion pipette holds about 110 cc. 
and is of glass, the s;iiue thicknes-s ns the simple pipettes. Water is here used as 
the confining liqui«l, ami also usually in the burette. 

An induction coil capable of giving a half-inch spark, with six dry colls, four 
“ simple ” pijx'ttes ami a mercury burette, complete the outfit. 

The bur(!ttc should be carefully calibrated and the corrections may very well 
be etched upon it ojiposile tlie Ifl-cc. divisions. 

In w'orkiug with the apparatus the pi^jettes are placed upon the adjustable 
stand S and connection made with the doubly I'K'tit capillary tube. 

Manipulation. To acquire facility with the \ise of the apparatus before 
proceeding to the analysis of illuminating gas. It is well to make the following 

^ Mackinto.sh, Am. Chem. Jour., 9, 294. 

* Zeit. f. Anal. C'hcin., 23, 286. 

* Tread wcIl-Hairs “Quantitative Analysis,” p. 569. 

* “ Gasanalytisclic Methoden,” p. 102. 

eCill, Am. Chcin. J., 14, 231, 1892. 

“Ibid., J. Am. Chem. Soc., 18, 67, 1896. 

» GUI, J. Am. Chem. Soc., 17, 771, 1896. 
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determinations, obtaining ** check-readings ” in every case: I. Oxygen in air, by 
(1) absorption with phosphorus; (2) absorption with xx)tas8ium (or sodium) 
pyrogallate;* (3) by explosion with hydrogen. 

I. DETERMINATION OF OXYGEN IN AIR 

(1) By Phosphorus. 100 cc. of air are measured out as with the Orsat appa- 
ratus, the burette being allowed to drain two minutes. The rubber connectors 
upon the burette and pipette are filled with water, the capillary tube inserted, as 
far as it will by a twisting motion, into the connector uixm the burette, thus 
filling the capillary with water; the free end of the capillary is inserted into the 



pipette^ connector, the latter pinched so as to form a channel for the water con- 
tained in it to escaiw, and the capillary twisted and forced down to the pinchcock. 
There should be as little free space as possible between the capillaries and the pinch- 
cock.^ Before using a pipette, its connector (and rubber bag) should be carefully 
examined for leaks, esix:cially in the former, and if any found the faulty piece 
replaced. 

The pinchcock on the burette and pipette are now opened, the air forced over 
into the phosphorus, and the pinchcock on the pipette closed; action inunediatcly 

1 The writer finds after an experience of more than twenty-five years in the lab- 
omtory with hundreds of students, that sodium pyrogullate can be used with practically 
the same results as the potassium compound. The absorption is complete, as shown 
by subsequent treatment with cuprous chloride. 
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ensues, shown by the white fumes; .'ifter allowing it to stand fifteen minutes the 
residue is drawn back into the burette, the latter allowed to drain and the reading 
taken. The absorption goes on best at 20® C., not at all below 15® C.; it is 
very much retarded by small amounts of ethane and ammonia. It cannot be 
used to absorb commercial oxygen No cognizance need be taken of the fog of 
oxides of phosphorus. 

(2) By Pyrogallate of Potassi m. 100 cc. of air* are measured out as before, 
the carbon dioxide absorl)ed with jjotassium hydrate and the oxygen with potassium 
pyrogallate, as with the Orsat apparatus; before setting aside the pyrogallate 
pipette, the number of cubic centimeters of oxygen absorbed should be noted upon 
the slate s on the stand. This must never l)e omitted with any pipette save pos- 
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sibly that for potassium hydroxide, as failure to do this may result in the ruin of 
an iinixirtaiit analysis. The resison for the omission in this case is found in the 
largo absorption capacity — four to five liters of carbon dioxide — of the reagent. 

(3) By Explosion with Hydrogen. Forty-three cc. of air and 57 cc. of 
hj'drogeu are measured out, passed into the small explosion pipette, the capillary 
of the pipette filled with water, the pinchcocks and glass stopcock all closed, a 
hcjivy glass or fine wire gauze screen placed between the pipette and the operator, 
the spiirk passed between the spark wires, and the contraction in volume noted. 
T}ie screen shotdd never be omitted, as serious accidents may occur thereby. The 
oxygen is represented by one-third of the contraction. For very accurate work 
the sum of the combustible gases should be but one-sixth that of the non-com- 
bustible gases, otherwise some nitrogen will burn and high results will be obtained ;• 
that is, (H-f O) : (N-f-H) :: 1 : 6. 

* See Anderson's work, .T. Ind. and Chem., 7, 587, 1916. 

* Tills is shown in the work of Gill and Hunt, J. Am. Chem. Soc., 17, 987, 1896. 
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n. ANALYSIS OF ILLUMINATING GAS 

One hundred cc. of gas arc measured fnjin the bottle containing the sample 
into the burette. 

Determination of Carbon Dioxide. I'he burette is connected with the 
pipette containing ix>ta.s.siuin lij’^droxide and the gas passed into it with shaking 
until no further diminution in volume takes place. 

Uluminants, Cnll**, CnUjn-o Series.- - The rubber cojuiectors are can'fully dri('d 
out with filter-paper, a dry capillary used, and the gas passed into tlie pii)ette 
containing fuming sulphuric acid and allowed to stand, Mith occasional i)asses 
to and fro, for forty-five minutes. On account of the extiTmcly corrosive nature 
of the absorbent it is not advisable to .shake the pipett(‘, as in case of brc'akagcj 
a serious accident might occur, h’or w’ater gas this is sufficient, although in cas(; 
of doubt or with richer gases check readings to 0.2 cc. should bo obtained. It is 
then pas.sed into i)otu.s.sium hydroxide, as in the pnwious determination, to remove 
any sulphurous acid which may hav'e l)een formed and any sulphuric anhydride 
vapor, the.se having a higher vajx>r tension than water. Th(i diff('r<‘n(!(i i)(*tw<M>n 
this last reading and that after the absorption of the carbon dioxide rejiresents 
the volume of “ illuminants ” or “ hea\'y hj'drocarlxms ” present. 

As has already been stated, page 701, saturated bromine water may replace 
the fuming sulphuric acid. Fuming nitric acid is not recommended, as it is liable 
to oxidize carbonic oxide. 

Oi^gen. This is absorbed, as in the analysis of air, by potassium or sodium 
pyrogallate. 

Carbonic Oxide. The gas is now passed into ammoniacal cuprous chloride, 
until the reading is constant to 0.2 cc.; it is then passed into a second pipette, 
which is fresh, and absorption continued until coiLstant readings are obtained. 
The second pipette should not have absorlied more than 10 cc. of CO. 

Gautier and Clausmann^ have shown that some carlxmic oxide escapes solution 
in cuprous chloride, so that for very accurate work it may be necessary to pass 
the gas through a U-tube containing iodic anhydride heated to 70° C. 

This is done by interposing this tube between the burette and a simple j>ipette 
filled with potassium hydrate. The reaction is 5C’0-|-l206 - 5C02-f-2l. The dimi- 
nution in volume rcpre.sents directly the volume of carbonic oxide i)resent. 

The volume of air contained in the tube should be corrected for as fi)llows: 
One end of the tube is plugged tightly and the other end connected with the gas 
burette partly filled with air. A bath of water at 9° C. is placed around the 
U-tube and the reading of the air in the gas burette recorded when constant; 
the bath is now heated to 100° and the burette reading again recorded when 
constant. The increase in reading represents one-third the volume of the U-tube, 
273 : 273-1-000 -9) ::3 : 4. 

Methane and Hydrogen, (a) Hinman’s Methml.^ The gas left from the 
absorption of carbonic oxide is passed into the large explosion pipette. About 
half the requisite quantity of oxygen (40 cc.) nece.s.sary to bum the gas is now 
added, mercury introduced through the T in the connector sufficient to seal the 
capillary of the cxplo.sion pijiette, all rubber connectors carefully wired, the pinch- 
cocks closed, and the pipette cautiously shaken. A screen of heavy glass or fine 
wire gauze is interposed between the operator and the apparatus, the explosion 

* Bull. Soc. Chem., Sf>, 613; Abstr. Analyst, 31, 349, 1900. 

* GiU and Hunt, J. Am. Chem. Sue., 17, 987, 1896. 
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wires are connected with the induction coil, a spark passed between them and the 
pinehcocks opened, sucking in the renminder t)f tiio oxj'gt'n. The capilLiry is 
again sealed with mercury, the stopeock opened and closed, to bring the contents 
of the pijiette to atmospheric pressure, and the explosion repeated as Ixjforc, and 
the stopcock ojiened. 

It may be found expedient to increase the inflammability of the mixture, 
to introduce 5 cc. of “ detonating gas," the hydrol>i:ic mixture of hydrogen and 
oxygen. The gas in the pipette coiitaining carbon dioxide, oxygen, and nitn)gen 
is transferred to the n)<;rcury burette and accurately measured. The carbon 
dioxide resulting from the combustion of the inansh gsis is determined by absorption 
in potiissium hydroxide; to show the presence of an excc'ss of ox 5 'gen, the amount 
remaining is d(;termined by absori)tion with ix)tassium pyrogallate. 

The calculatkrti is given on page 706. For very accurate work a .second analysis 
should be made, making succcssi\’e explf)siotis, using the iKM'centages of methane 
and hydrogen jusst found as a basis upon which to calculate the quantity of oxygen 
to be added each time. The explosive mixture should be so jiroixtrtioncd that 
the ratio of combustible gas (i.e., C'lb, If ai.d ()) is to the gases which do not 
bum (i.e., N and the excess of CIU and II) rs ICO is to alx)ut 50 (frtjin 26 to 64);* 
otherwise the heat developed is so great as to pnaluce oxides of nitrogen, which, 
being alisorbcd in the potassium hydroxide, would affect the determination of both 
the methane and the hydrogen. The oxygen should preferably be pure, although 
commercial oxygen, the purity of which is kimwn, can be nsed; the oxygen 
content of the latter should be tested from time to time, especially with different 
samples. 

(6) HempeVs Method* From 12 to 15 cc. of the gas are measured off into the 
burette (e.g., 13.2 cc.) and the residue is passed into the cuprous chloride pipette 
for safe keeping. That in the biuctte is now passed into the small explosion 
pipette; a volume of air more than sufficient to bum the gas, usually about 85 cc., 
is accunitely measured and also passed into the explosion pipette, and in so doing 
water from the burette is allowed partially to fill the capillary of the pipette and 
act as a seal. The rubber connectors upon the capillaries of the burette and 
pipette are carefully wired on, both pinehcocks shut, and the stopcock closed. 
The pipette is cautiously shaken, the screen uiterposed, the explosion wires con- 
nected with the induction coil, a spark pa.ssed between them, and the stopcock 
immediately opened. The gas in the pipette, containing carbon dioxide, oxygen, 
and nitrogen, is transferred to the burette, accurately measured, by reading 
immediately, to prevent the absorption of carbon dioxide, and carbon dioxide 
and oxygen determined in the usual way. 

Calculation, {n) Hinman's Meth^. 56.2 cc. of gas remained after the 
absorption; 77.4 cc. of oxygen were introduced, giving a total volume of 133.6 cc. 

Hesiduc after explosion 46.9 cc. 

Residue after CO 2 absorption 28.2 

Carbon dioxide formed 18.7 

Contraction 133.6 —46.9 “ 86.7 

Residue after O absfirption 25.6 

Osygen in excess 28.2— 25.6*= 2.6 

* Bunsen, Gasometrische Methoden," 2d ed., 73, 1877. 

* Hemjicl, " Gas Analytische Methoden," 3d ed., 245, 1901. 
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The explosion of marsh gas or methane is represented by the equation 


CH4 



CO* 

+ 

11*0 

+ 

H,0 


From this it is evident that the volume of carbon dioxide is equal to the volume 
of methane present; therefore in the above example, in the 56.2 cc. of gas burned, 
there were 18.7 cc. methane. 

The total contraction is due (1) to the disappearance of oxygen in combing 
with the hydrogen of the methane, and (2) to the union of the free hydrogen with 
oxygen. The volume of the methane having been found, (1) can be ascertained 
from the equation above, equals twice the volume of the methane; hence 


86.7 -(2X18.7) =49.3 cc., 

contraction which is due to the combustion of hydrogen. This takes place 
according to the following reaction:* 


H* 

+ 

n* 

+ 

0 * 


11,0 

+ 

H*0 


Hydrogen then requires for its combustion luilf it.s volume of oxygen, hence 
this 49.3 cc. rejiresents a volume of hydrogen with J its volume of oxygen, or -J- 
volumes; hence the volume of hydrogen is 32.9 cc. 

(6) IlempeVft Method. Of the 82 cc. of gas remaining after the absorptions, 13.2 
cc. were used for the explosion ; 86.4 cc. air intn)duced, giving a total volume of 99.6 cc. 


Residue after explosion 78.0 cc. 

Residue after CO* absorption 7.3.2 


Carbon dioxide formed 4.8 

Contraction 99 . (i — 78 . 0 = 21.6 

Residue after O absorption 70.2 

Oxy gen in excess 73.2 — 70.2 = 3.0 

The carlxjn dioxide being equal to the metliann jircsent, in the 13.2 cc. of gas 
burned there W’erc 4.8 cc. of methane. The volume of methane is found by the 
proportion 1.3.2 : 82 ::4.8 : x, whence x =29.8 ce. 

The hydrogen is calculated similarly. 

Another method for the estimation of hydrogen is by aljsorption with palladium 
sixmgo;* it, however, must be carefully prepared, and it is the author’s exiwricnce 
that one cannot be sure of its efficacy W'hen it is desired to make use of it. A 
still bettor absorbent of hydrogen • is a 1% solution of palladous chloride at 50“ C. ; 
when fresh this W'ill absorb 20-.'50 cc. of hydrogen in ninety minutes. A pro- 
portionately longer time is reciuired if more hydrogen be present or the solution 
nearly saturated. The methane could then be determined by explosion or by 
mixing with air and passing to and fn) over a white-hot platinum spiral in a 
tubulated pipette called the gri.soumeter * (gri.sou = methane). 

Nitrogen. There being no direct aiid convenient method for its estimation 
with this apparatus, the i>crcentage is obtained by finding the diffenmee between 
the sum of ail iiercentages of the ga.ses determined and 100%. 

*H*0 being as steam at 100“ C. At ordinary temperatures this is condensed, 
^ving rise to “ total contraction.” 

* Hcinpel, Berichte, 12, 6.36 and 1006, 1879. 

* Campbell and Hart, Am. Chem. J., 18, 294, 1896. 

^ Winuer, Fres. Zeit., 28, 269 and 2^. 
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New ^ determined nitrogen in illuminating gas directly after the method of 
Dumas in organic substances; 150 cc. of gas are used, the hydrocarbons partially 
absorbed by fuming sulphuric acid and the remainder burned in a combustion 
tube with copper oxide; the carbon dioxide is absorbed and the residual nitrogen 
collected and measured. 

Accuracy and Time Required. For the absorptions the apparatus is accurate 
to 0.1 cc.; for explosions by Hinman’s method* the methane can be determined 
within 0.2%, the hydrogen within 0.3%; by Hempel’s method within 1% for the 
methane and 7.5% for the hydrog^. The time required for the analysis* of 
illuminating gas is from three to three and one-half hours; for air, from fifteen to 
twenty minutes. 

Notes. The object in filling the capillaries of the explosion pipettes with 
water or mercury before the explosion is to prevent the bursting of the rubber 
connectors on them. With mercury this is effected by introducing it through 
the T-joint in the connector. After testing for oxygen with the pyrogallate a 
small quantity of dilute acetic acid is sucked into the burette to neutralize any 
alkali which by any chance may have been sucked over into it. The acid is rinsed 
out with water and this is forced out by mercury before the burette is used again. 

The water in the burette should be saturated with the gas which is to b3 analyzed 
— as illuminating gas— before begiiming an analysis. The reagents in the pipettes 
should also be saturated with the gases for which they are not the reagent. For 
example, the fuming sulphuric acid should be saturated with oxygen, carbon 
monoxide, methane, hydn)gen, and nitr<jgen; this is effected by making a blank 
analysis, using illuminating gas. 

The method of anal 3 rsis of the residue after the absorptions have been made 
by explosion is open to two objections- 1st, the danger of buniing nitrogen by 
the violence of the explosion; and 2d, the danger of breakage of the apparatus 
and possible injury to the operator. These may be obviated by employing the 
apparatus of Dennis and Hopkins,* which is practically a grisoumet-er with mercury 
ns the confining li(|uid; or that of Jaeger,* who bums the gases wdth oxygen in a 
hard-glass or quartz tube filled with copper oxide. ]5y lieating to 2.'5()° C. nothing 
but hydrogen is burned ; higher heating of the residue bums the methane. Recent 
W'ork shows this procedure to be very slow and not very accurate. Or the mix- 
ture of oxygen and combustible gases, bearing in mind the ratio mentioned at the 
lx)ttom of page 703, can be pa.ssed to and fro through Drehschmidt’s • capillary 
heated to a bright redness. This consists of a platinum tube 20 cm. long, 2 mm. 
thick, 1.7 mm. bore, filled with three platinum or palladium wires. The ends of 
the tube are soldered to capillary brass tubes and arranged so that these can be 
water cooled. It is inserted between the burette and a simple pipette, mercury 
being the confining liquid in both cases. The air contained in the tube can be 
determined as in the case of the tube containing iodic anhydride, page 704. 

To the method of explosion by the mixture of an aliquot part of the residue with 
air, method (5), there is the objection that the carbon dioxide formed is measured 
over water in a moist burette, giving abundant opportunities for its absorption, and 
that the errors in analysis are multiplied by about six, in the example by 

* J. Soc. Chem. Ind., 11, 415, 1802. 

* Gill and Hunt, loc. cit. 

* J. Am. Chem. Soc., 21, 308, 1899. 

* J. Gasbeleuchtung, 41, 764. Abstr. J. Soc. Chem. Ind., 17, 1190, 1898. 

■ Berichte, 21, 3242, 1888. 



708 


GAS ANALYSIS 


APPLICATIONS OF GAS ANALYSIS AND INTERPRETATION 

OF RESULTS 

It is only within coinnanitivoly rooont tinios that Gas Analj’sis has assumocl 
any iiuportanro. The reasons are that the suhstanees with which it dtwls are so 
intangible, the apparatus is complicated and fragile, and until lately, coinix?tition 
has not comix>lled manufacturers to seek every possible source of loss. 

Some of its upi)lications are to: 

I. C’himney and flue gases; 

II. Producer and fu(*l gases; 

III. 1 1 lurninating gas ; 

IV. Sulphuric acid gases; 

V. Mine gases; 

VI. Llecti'olytic ga.ses; 

VII. Acetylene; 

VIII. Atmospheric air. 

I. CHIMNEY AND FLUE OASES 

Hero the object is to keep the carbonic acid (COj) as high as possible, and to 
avoid the formation of carbon monoxide: in large plants every additional per cent 
of carbonic acid means the saving of tons of coal. Savings of 20 to 33% by the 
use of gas analysis alone, have frequently come to the writer’s notice. A satis- 
factory procedure is to post in the fire-room the percentage of carbonic acid 
obtained by each stoker, and stimulate a rivalry among the men — a bonus in the 
pay envelope is also effective. T'lie determinations to be made are: 

Analysis of Chimney Gases. Determination of carbon dioxide, oxygen, 
carbon monoxide, nii.rogen, and in some case hj-drocarbons. For this purpose 
the Orsat apparatus is widely employed: the hydrocarbons may be determined 
by the Hempcl apparatus. 

Usually a few determinations of carbonic acid will suffice, but for regular work 
the installation of some form of registering carbonic acid indicator should be 
installed. 

Carbonic Acid Indicators.' These usually depend upon the principle of 
collecting UK) cc. of tlu; gas, causing it to pass thn)Ugh a suitable absorlxjr and 
collecting the resklue in a Im*I1 which fli>ats to a greater or less height according to 
the residual volume. 'I'he fluctuations of this bctl are recorded after the usual 
manner of Bclf-rc‘gistering barometers or thermometers: the usual time for this 
analysis and record is five minutes. 

By modifying this apparatus slightly, it can be applied to the determination 
of any absorbable gas ns, for example, sulphumus acid or chlorine. It has been 
adapted to carbon monoxide al)sorption, but it is not usual or easy, 

IIalx?r® efriploys the retract ivc index of gases to determine the amount of 
carbonic acid in chimney gas; it gives results within half of 1%;® it has also l)een 

• These nan l>e obtained from the following: Combustion Appliance Co., Chicago; 

Precision Instrument Co., Detroit; Uchling instrument Co., Passaic. ' 

® Z. Ang. Chem., 19, 1418, 1906; ibid., 28, 1393, 1910. 

* Mohr, ibid., 25, 1313, 1912. 
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applied to other ga'eoiis mixtures. The instrument is called the Interferometer 
or Oas Refraetometer and is marie by Zeiss of Jena. 

The Determination of Temperatul’e. This is done by inserting; a ther- 
mometer, mounted in a metal tube, on the ehiinney side of the gas sampling tube. 
These resemble those usrxl for determining steam teinjxjratures or for “ running ” 
varnish. It should n'gister to 360® and, under certain cireumstanees, one showing 
SSO® may bn desirable. A chemical thermometer with long stem may also be 
cinployr'd; it should never be inserterl naked into the flue- -as a sudden hot blast 
may break it — but always in a tube of cotton-seed oil or sea sand.* These ther- 
mometers should bo tested for accuracy by compjirison with a standard, in a care- 
fully stirred oil bath. The standard should bo kept exclusively for the purix)se 
and be allowed to stay in the bath until cool. Sudden cooling of a thermometer 
changes the zero p^int. The standard can be certified by the makers or the 
Uftited States Bureau of Standards. 

Electric pju^meters are also of course available for these measurements. An 
error of five degrees (5") in the reading of the thermometer affects the final result 
by al)out 20 calories. 

In case none of these appliances be at hand, the maximum temperature can 
be determined by utilizing the melting-points of certivin pure salts or metals; 
as tin 232®, bismuth 270®, cadmium 302®, lead 327®, zinc 419®, cadmium 
chloride 641®, antimony 630®, etc. These can be suspended in the chimney 
in small covered cast-iron boxes. 

Composition of the Coal. This is determined by the usual methods of 
organic combustion and is required only for very accurate work. 

Calculation: 

o. Heat passing up chimney; 

6. Pounds of air i)cr pmnd of coal. 

(a) Heat Passing vp Chimney. The accurate calculation resolves itself into 
finding what volume of gas of the comjiosition determined by analj'sis would be 
produced by a kilo of the coal used, and whose anal}^is is known. The tem|>erature 
of the escaping chimney gtises lx?ing also known, and their specific heat, the 
quantity of heat they curry off can be calculated: this divided by the calorific 
jxjwer of the coal gives the per cent of heat lost in the chimney gases. The cal- 
culation is rather long and will Imj found in detail in the author’s book.* 

The formula of Shields.® 


T, . , , 1 X carbon in coal 

Per cent heat lo.st = — — : ^ r 

Heating value of coal 

^)0-l-per cent CO* 

Per cent CO*-|-ixir cent C’O 


XrLse in temperature in “C.X0.2864, 


gives results usually 0.5% low, as no cognizjinco has been taken of the witer 
vapor. 

Another formula® in which only the carbon dioxide and it.s temjierature enters 
was proposed by Bunte and gives close results. 

For every jwr cent of carbonic acid present 43.43 calories iicr cubic meter of 

* With rounded grains, not river sand, as it would make scratches. 

• “ Gas and Fuel Analysis for Engineers.” Wiley. 

» “ Power,” 30, 1121, 1909. 

® J. J. Gasbclcuchtieng, 43, 637, 1900. 
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fluo gases have been developed — IT; O' —specific heat of the flue gas^ I»r cuWo 
meter: then WIC represents the initial temperature (which is never attained) the 
ratio of which to the actual exit temperature of the flue gases shows the heat 
lost. If T —this initial temperature and i the rise of temperature of the flue gases, 
then tiT represents the heat lost in the chimney gas^. u j 

The following table gives the data for the calculation for both pure carbon and 

coal of average value: 


Per Cent of COt in 
Chimney Gas. 

Specific Heat of 
Chimney Gaa. 

Initial Temperature, W/C. Degreca C. 

For Carbon * T, 

For Coal « T. 

Diff. for0.1%COt. 

1 

0.308 

141 

167 

16 

2 

0.310 

280 

331 

16 

3 

0.311 

419 

493 

16 

4 

0.312 

5.57 

652 

15 

5 

0.313 

694 

80S 

15 

6 

0.314 

830 

961 

15 

7 

0.315 

962 

1112 

15 

8 

0.316 

1096 

1261 

15 

9 

0.318 

1229 

1407 

14 

10 1 

0.319 

1360 

1550 

14 

11 

0..320 

1490 

1692 

14 

12 

0.322 

1620 

1830 

14 

13 

0.323 

1750 

1968 

13 

14 

0.324 

1880 

2102 

13 

15 

0.324 

2(N)5 

2237 

1.3 

16 

0.325 

2130 

2360 



If there were 1 1.5% carlH»nic acid, the initial teiuiwrature T would 1)n 1702“; 
the rise of temperature in the chimney gases is 250“, the loss is or 14.2%. 
The accurate calculation gives 14.1. 

Finally, for very rapid work, Bunte’s Chart, Table V, may lie used. The 
re.sults arc within 2% for about 12% of carbonic acid. It is used by noting the 
point where the diagonal line representing C'O* cuts the ordinate of temperature — 
the abscissa corresponding to this pomt lupre-sents the per cent loss. 

The following talde shows roughly the excess of air, and jxir cent of heat lost 
in the chimney ga.ses, their temiierature lx;ing 518“ F. 


Per cent CO 2 . . 

2 

3 

4 

5 

6 

7 

1 

8 

9 

10 

11 

12 

13 

14 

15 

Vol. air morn 
than theory 
= 1.0 

9 5 

6.3 

4.7 

3.8 

3.2 

2.7 

2.4 

2.1 

1.9 

1 

1.7 

1.6 

1.5 

1.4 

1.3 

Per cent loss 
of heat 

90 

60 

45 

36 

30 

26 

23 

20 

18 

16 

15 

14 

13 

12 


If the oxygen l)e from 1.5% to 2% with the temperature of escaping gases at 
400-500“ F., the fires are too thick; if it be less than 8% they are too thin. 

(6) Pounds of Air per Pound of Coal. This can be determined by calculate 
mg the ratio of carbon to oxygen in the carbonic acid and carbon monoxide and 
oxygen of the chimney gases, or by the formula of Shields.^ 


* 1^. dt. 
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Pounds of air per pound of coal *2.31 


Per cent of carbon in coal 
Per cent CO*+per cent CO* 


Loss Due to Caifxmic Oxide. For every gr&m of carbon burned to carbonic 
oxide there is a loss of 5.66 calories. 

Smoko. For the determination of the amount of smoke in the chimney gases, 
use may be made of the Ringclmann smoke scale. This consists ^ of a series of 
rectangles f in.Xj in. filled with cross-hatching lines a greater or less distance 
apart, with which the density of the smoke can be compared. Or the Eddy 
smoke recorder * may be employed; this consists of a tube of standard length 
through which the smoke gases are drawn. A standard electric light is fixed at 
one end of the tube and viewed through the smoke; its density is measured by 
the extent to which the light is obscured. 


II. PRODUCER AND FUEL GASES. BLAST-FURNACE GAS 

Here the object is the reverse of that in the chimney gtiscs, to keep the per- 
centage of carbon monoxide as high as possible and, for gas-engine purposes, the 
per cent of hydrogen constant. 

Tlie determinations made arc the same as in chinmey gas— CO*, O, CO, N, and 
oftentimes hydrogen and hydrocarbons; the quantity of dtist is sometimes impor- 
tant. The lieating value is determined as in illuminating gas, p. 713. The 
cflBciency of conversion would Ix) found by measuring the number of cubic feet of 
gas made jx‘r ton of coal gasified; the calorific power t)f each (gas and coal) being 
known, their qwrtient represents the efficiency. The heat contained in the gas 
duo to its sensible heat, found after t he manner of calculating the loss in chimney 
gsiscs (i.e., volume gas X weight X rise of temixjratureX specific heat) is to be 
added to this for accurate work. 

As showing ])roducer gas practice, tins following typical analyses are cited: 



Aiithni- 

pitf.* 

Hit u- 
iiiinoii8.4 

RIvioWaitT 

Ctas.* 

Lignite.^ 

Peut.* 

Tan.», « 

Wood.* 

CO 1 

27.0 

27.0 

45.0 

22.0 

30.6 

14.2 

13.3 

H* 

12.0 

12.0 

45.0 

9.6 

6.1 

8.7 

21.0 

CIL 

1.2 

2.5 

2.0 

1 .0 

5.1 

5.6 

2.6 

C2H4 


0.4 


0.7 



0.3 

CO, 

2.5 

2.5 

4.0 

0.4 

5.7 

15.0 

16.0 

N, 

57.0 

55.3 

2.0 

58.9 

52.5 

56.0 

46.7 

O 2 

0.3 

0.3 

0.5 

0.8 


0.4 

' 0.1 

B.t.u 

137 

157 

.322 



132 

140 









* Power, 40, 66. 

* Made by the Hamler-Eddy Smoke Reconler Co., Chicago. 

* With 38.7% H*0, 3.2% ash. 

* From “ Gas l*roaucer8 and Producer Gas Power Plants,” R. D. Wood & Co., 
1906. 

* Richards, J. W., J. Frank. Inst., 415, 1900, quoted from V. Ihcring, ” Gas 
Maschinen.” 
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Ga8 from Diffkrki^ Kinds of Producbbs 



Down 
Draft .a 

Up Draft s 

1 

Sul’tion.* 

ProsHurc, 
Taylor.*, = 

Mc>tid.< 

Furnaco.^ 

Hioincns.* 

CO 

17.5 

18.3 

26.0 

22-30 

miflKM 



H, 

11.8 

12.9 

18.5 

15 7 




cn, 

1 .1 

3.1 

0.5 

3-1 .5 




C2H4 

.04 

0.2 






CO, 

9.2 

9.8 

8.0 

6-1.5 

12.4 



N, 

60.1 

. 55.6 

47.0 

54-60 

45.4 



O 2 

0.2 

.04 



0 . 



B.t.u 

110 

i45 

138 

146 

106 

122 


Detennination of Dust. Liddell * recommends the following: lump sugar is 
crushed, and that which is retained by a 90-mesh sieve packed in a ^in. layer 
upon copper or brass gauze contained in a glass tube. The sugar is slightly 
moistened and the gas sucked through it: it is then dissolved in water and the 
dust collected upon a tared Gooch crucible and weighed. Another procedure and 
apparatus recommended by the Sargent Steam Meter Co., of Chicago,* consists 
in sucking the gas through a diaphragm consisting of a weighed filter 4} ins. in 
diameter, drying and noting the increase in weight. 


III. ILLUMINATING GAS 


The determinations usually made arc as follows: 


а. (’andio power; 

б. Calorific iiower; 
r. Sulphur; 

d. Ammonia; 


e. Analjuis; 

/. (’arlKm dioxide; 

g. Specific gravity; 

h. Tar. 


(a) Candle Power. This can be very satisfactorily found using a 60-in. open- 
bar photometer and Lceson contrast disc. The gas should be burned from a 
burner commercially obtainable which gives the highest candle power; for gas 
from 14 to 21 candle power, Sugg’s London argand burner, sizes C to F, should 
be used ; for richer gases, Sugg’s table top or the Bmy slit burner. For a standard 
of comparison, the sperm candle is convenient, satisfactory, and very extensively 
used : the Elliott kerosene and Hefner amyl acetate lamps are also employed. 

For accurate work the Lummer-Urodhun disc and electric standards, or the 
Hefner lamp should be used. For the determination of candle power, reference 


1 From “ Gas Producers and Protlucnr Ga.s Power Plants,” R. D. Wood & Co.. 
1906. , ’ 

* With anthracite buckwheat. 

* “liU^m6 of Producer Gas Investigations,” Bureau of Mines Bulletin 13, Femald 
& Smith. 

♦Richards, J, W., J. Frank. Inst., 415, 1900, quoted from V. Ihering, "Gas 
Maschinen.” 

® Power, 38, 93. 

* Power, 27, 331. 
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may be Iiad to Circular No. 48 of the liiircau of Standards on “ Standard Methods 
of Gas Testing,” 1914, or Stone, “Pnietical T<;sting of Gas and Gas Meters,” 
Wiley, 1909. 

Carbumtted waicr gas shows from 20-2S candle iK)wer, coni gas 14-20, 
oil gas 45—00, oil-air gas 30-35, gasolene 12-17, acetyh'ne 170-200. (Stone, 
op. eit.) 

(b) Calorific Power, (a) Direct Detemii notion. This is most commonly 





Fia. 124. Fio. 125. 


determined by the Junkers calorimeter, although others in use are the Sargent, 
Doherty, and in Kngland the Hoj’s and Siinmance-Abady. 

The original form is shown in section in Fig. 124 and the later modification in 
Fig. 126. As seen in Fig. 124 it consists of a combustion-chamber, 28, surrounded 
by a water-jacket, 16 and 10, this being traversed by a great many tubes. To 
prevent loss by radiation this water-jacket is surn)unded by a closed annular 
air-space, 13, in which the air cannot circulate. The whole apimratus is con- 
structed of copper as thin as is compatible with strength. The water enters the 
jacket at 1, passes down througli 3, 0, and 7, and leaves it at 21, while the hot 
combustion gases enter at 30 and pass dow'ji, leavnig at 31. There is therefore 
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not oijly a very large surface of thiu copper between the gjiscs and the water, 
but the two move in opposite directions, during which process all the heat generated 
by the flame is transferred to tlie water, and the waste gas(*s leave the ajjparatus 
approximately at {vtmt)spherie temperature. The gas to be burned is first passed 
through a meter,‘Fig. 126, and then, to insure constant pressure, tlmuigh a pressure- 
regulator. The source of heat in relation to the unit of heat is thus rendered 
stationary; and in order to make the absorbing quantity of heat also stationary, 
two overflows are provided at the calorimeter, making the head of water and over- 



Fiq. 126. 


flow constant. The temperatures of the water entering and leaving the apparatus 
can be read by 12 and 43; as shown before, the quantities of heat and water 
passed through the apparatus are constant. As soon as the flame is lighted, 
43 will rise to a certain point and will remain nearly constant. 

Manipulatton. The calorimeter is placed as shown in Fig. 126, so that one 
operator can simultaneously observe the two thermometers of the entering and 
escaping water, the index of the ga.s-meter, and the measuring-glasses. 

No draft of air must be permitted to strike the exhaust of the spent gas. 

The water-supply tube u> is connected with the nipple a in the center of the 
upper container; the other nipple, h, is provided with a waste-tube to carry away 
the overflow, wUch latter must be kept running wMe the readings are taken. 
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The nipple c, througli which the heated water leaves the calorimeter, is con- 
nected by a rubber tube with the large graduate, d empties the condensed water 
into the small graduate. 

nie thcrmometei-s being held in jx>sition by rublxjr stopj)ers and the water 
turned on by e until it discharges at r, no water must issue from d or fw>m 39, 
Fig. 19, as this would indicate a leak in the calorimeter. 

The cock e is now set to allow alxnit two liters of water to pass in a minute 
atid a half, and the gju? issuing from the burner ignited. Sufficient time, about 
twenty minutes, is allowed until the teni|)era1 ure of the inlet-water becomes con- 
stant and the f)uth‘t approximately so; the tem|H*rature of the inlet-water is 
noted, the reading of the gas-meter taken, and at this same time the outlet-tube 
changed from the funnel to the graduate. Ten successive readings of the out- 
flowing water are taken while the graduate (2-liter) is being filled and the gas 
shut off. 

A better pn)cedure is to allow the water to run into tared 8-liter bottles, three 
being used for a test, and weighing the water. The thermometer in the outlet 
can then be read every half-minute. 

Example. — Temp, of incoming water, 17.2“ 

Temp, of outgoing water, 43.8“ 

Increase, 2().fi“ 


Gas burned, 0.35 cu.ft. 


ITeat = 


Liters waterXliicrea.se of ((»ni p. 
C'u.ft. gas 


2X2(kO 

0.35 


152.3 C. 


From burning 1 cu.ft. of gas 27.25 <•(•. <.{ water were condcn.scd. This gives 
off on an average 0.(> per cc. 

27.25 X0.() = lfi.3 G.; 152.3-10.3 = 13:} G. per ctibic foot; 130X3.908 =.540 
B.t.u. 

Notks. Affcr setting up the appanitus the /ir>it thing to he done is to turn on the 
water — (not the gnu). Similarly, the v'utvr should he shut olT All connections 

and the meter shouhl he tested for leaks before each tc.st. Thci water level in the meter 
should he checketl daily. Slight drafts causc*d hy moving suddenly near the apparatus 
will vary outlet readings ami vitiate the test. The instrument should not be set up 
near a window or heating apparatus where radiant heat might affect the readings. 

If 0.2 cu.ft. of gas are burned, then an error of 0.1“ F. in temperature of water means 
anerror of 4 B.t.u.; an error of 0.01 lb. water, 0.9 B.t.u.; 1“F. ingas temperature, 1.8 
B.t.u.; 0.1 in. (barometer), 2 B.t.u.; 1 in. water pressure of gas, 1.5. B.t.u.^ 

The calorific power obtained without subtracting the heat given off by the con- 
densation of the water represents the total heating value of the gas. This is the heat 
given off when the gas is used for heatingwater or in any operation where the products 
of combustion pass off below 100“ G. The net heaiing value represents the conditions 
in which by far the greater auantity of gas is consumed, for cooking, heating and gas 
engines, and is one which should be reported. ^ It should, however, be corrects, * 
to the legal cubic foot, that is, measured at 30 ins. barometric pressure, and 60“ F. 
saturated with moisture. 

The apparatus has been tested for three naonths in the German Physical Technical 
Institute with hydrogen, with but a deviation of 0.3% from Thomson’s value. This 

* Kept. Joint Committee on Calorimetry Public Service Commission and Gas Cor- 
porations in the Second Public Service District of New York State, p. 81, 1910. 

* A difference of 1“ C. or of 3 mm. pressure makes a change of 0.3% in the volume. 
Pfeiffe, J. Gasbeleucht., 67, 1907. 
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value may vary nearly that amount from the real value owing to the method which 
he employed. 

The chief sources of error are,^ in adjusting the meter, in measuring the tem- 
perature — ^rise of the water, and in changing over the outflow water to the weighed 
vessels. 

(b) By Calcuiation.^ Let us suppose an illuminating gas gave the following 
analysis: llluminants 15, carbon monoxide 25.3, methane 25.9, hydrogen 27.9%; 
the heating value of these gases according to Table 3, page 737 is as follows: 

0.15 X2000 * 300.0 B.t.u. 

0.253 X341 = 86.3 
0.259X1065 =276.0 
0.279X345 = 96.3 

758.6 B.t.u. 

which is the gross heating value of the gas. The correction for the 
heat lost is found us with chimney gases, by multiplying the volume 
of the combu.stion ga.scs by their weight X specific heatXrisc of temp- 
erature. 

(c) Sulphur. Sulphur, being present in gas in so many forms, 
is determined by combustion and usually reported in grains of sul- 
phur per hundred cubic feet. 

One of the most easily ]X)rt,ablc and satisfactory forms is that of 
TTintruin and Jenkins dcscrilx'd ns follows:* The upfxjr ve.s.scl. Fig. 
127, is a “ bead glass ” 300 mm. long and 60 mm. in diameter; this 
is filled with lfirg(‘ cut-gla.ss Ijeads, held up by a suitable fluted glass, 
giving a large (anidensing surface without obstruetmg the draft. To 
this bead gkiss is attaclied, by a rublsT connector, the adapter, 
410 mm. long and 50 mm. lower internal diameter. To the upper 
adapter is attached, by means of the “ connecting piece,” the lower 
mlapter, 4(M) mm, long and 40 mm, lower diameter. The connect- 
ing piece pi-oj(‘cts 12 mm. alnn’o the top of a rubl)cr stopijer, fitting 
tin; upiMT adapter, and is surmounted by a Watch-glass deflector 
Fus. 127. carried on platinum wires. An overflow tulxj carries the coiuh nsation 
to the Erlenmeyer flask hung on the .stopper as shown; this tul>e is so 
adjusted that some licpiid remains on the stopper to keep it cool and to aljsorb 
some of the aseeniling giises. 'Phe Bun.sen burner is fitted with a lava tip having 
a 5-mm. hole; surrounding the burner is a glass tube 20 mm. in diameter, forming 
f he inner wall of an annular chamber, of which the outer wall is a glass ring 
50 mm. ill diametijr. Into this chamber, which serves to contain 10% ammonium 
hydroxide, the lower adapter dijis 10 mm. 

The lower adapter is joined to the “ comieeting piece ” by a short cork-lined 
metal tuljc. Although radically different in form, this apparatus is veiy similar 
to the Iteferocs’ in gimeral principle and in method of use, the princi])al difference 

] Technologic Pajicrs of tlio Bureau of Standards No. 36. “ Gas Colorimelrv ” 

VVaidner and Aluellcr, page 100, 1914, ^ 

* U. S. (Jeol. Survey Paper No. 48; Part III, page 100.5. 

» Jenkins, J. Am. Chom. Son,, 28, .54.3, 1906, also Technologic Paper No. 20. 
Bureau of Standartis, McBride and Weaver “ Determination of Sulphur in Illuminat- 
ing Gas,” 1913, also Stone, op. cit. 
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being the use of ammonium hydroxide instead of dry ammonium carbonate as 
a source of ammonia. About 10 cc. of concentrated ammonium hydroxide is 
placed in the reservoir about the burner at the begi nnin g of the test and about 
5 cc. more added every fifteen or twenty minutes. The gas is consumed at the 
rate of 0.4 to 0.6 cu.ft. per hour, and 2.5 to 3 ft. burned, if the sulphur is to be 
estimated gravimetrically, otherwise 1 cu.ft. is enough. When the run is com- 
pleted the apparatus is allowed to cool and is then flushed four times by pouring 
50 cc. portions of water in at the top of the bead tube. To the solutions and wash- 
ings are added 2-3 cc. bromine water, and it is evaporated to 30 or 40 cc. ; an excess 
of a hydrochloric acid solution of barium chmmate is added to the hot solution, 
it is gently boiled, an excess of dilute ammonia added, again Ixiiled for a minute, 
filtered and washed. The ammonium chromate in the filtrate (the chromic 
acid being eiiiiivalent to the sulphuric acid in the original solution) after being 
boiled in a stout flask, with a Bunsen vah'c, to expel the air, is cooled and titrated 
directly with stannous chknide (3.25 grams Sn i)cr liter) using starch and potassium 
iodide to accentuate the end {Kiiut. 

The equations arc: 

(N 1 1 4)2804 -t- BaCr04 = BaS 04 + (N1 l4)2C’r04, 

2(NH4)2Cr04+2H(::i = ( nh 4)2( V2O7+2N ii 4 Ci + 1 12O, 

3SnCl*-l-(NH4)2 Cr207+14HC’l =3SnCl4+2XIl4f'l+2Crrh+7n20. 

The strength of the stannous chloride should be determined .-it llie .same time 
by standard bi<*hromate of jH)ta.ssium. 

Or the sulphuric acid can be determined with the turbidimeter as for sulphur 
in oils, page .570. 'I’ho amount of sulphur is usually from 20 to 30 grains iier 
100 cu.ft. 

Sulphuretted Hydrogen.* The test is made by h.anging a strip of paper 
moistened with lead acetate solution (1 : 20) in a bell-jar <)r tube through which 
the gas is passing at about 5 cu.ft. per hour ami allowing it to act for one minute. 
Hsually several tests are made. The gas should be taken fresh from the main 
and care should bo taken not to confountl any black tarry spots with lesid sulphide. 
A i)roi)erly purified g.as should give no tost. 

It is quantittitively determined by drawing a kiwnvn volume of the gas through 
standard iodine solution. Tutweiler* measures the gas in a modified Bunte 
burette over mercury, and having added starch solution, runs in a known ijuantity 
of standard iodine solution until it is in slight excess. If 100 cc. of gas were taken, 
the number of cubic centimeters of solution gives the grains of II 2 S ]»er 100 cu.ft., 
1 cc. iodine =0.0017076 gram iodine = 100 grains H 2 S per 1(K) cu.ft. 

(d) Ammonia. This is determined by alworption in standard acid colored 
with cochineal: 10 cc. of H('l are placed in the bulb, Big. 1 17, 2-3 drojw cochineal 
solution added, and the gas allowed to bubble thrtmgh it until the yellow color 
changes to a deep purple; the meter is now read. The a<‘id is made by diluting 
38.2 cc. N/IOHCl to 1 liter, 10 cc. =0.01 grain of Nils; the cochineal solution is 
made by treating 3 grams of the ground insect with 2.50 cc. 20% alcohol, allowing 
to stand forty-eight hours and filtering. The bubble tube is inserted in series 

* Tech. Paper No. 41, Bureau of Standards, “ Lead Acetate Test for Hydrogen 
Sulphide in Gas.” 

> J. Am. Chem. Soc., 23, 173, 1901. 
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with the gas supply to the sulphur apparatus, Fig. 127, (c) so that both determi- 
nations are run at one time: the gas is passed through at the rate of 0.6 to 0.8 
cu.ft. per hour. Massa'.'husetts law limits the amount of ammonia to 10 grains 
per KM) cu.ft. 

(e) Analysis. The volumetric analysis is carried out according to jmges 704; 
either bnnnine water or fuming sulphuric acid can be used to absorb the “ illumi- 
nants.” Besidc's ethylene, it may be desirable to determine benzol: this is best 
done accordmg to Dennis, O’Neill and McCarthy ^ by al^sorption in an ammoniacal 
solution of nickel cj'jinide. 

Naphthalene. I'his is determined in purified gas by passing it through N/20 
picric acul solution, ^^'hitc * determines it in raw gas by precipitation of the 
picrate and subseciuent recovery of the naphthalene. 


Composition ok Commercial Cases* 



C^()2 

j ] iirts. 

()2. 

CO. 

III. 

CIU. 

C 2 IU. 

N 2 . 

Cancllo 

Piiwor. 

B.t.u. 

Coal 

1 6 

! 4.0 

1 0.4 

j 8. .5 

•49.8| 

29.5 

3.2 

3.2 

16.1 

622 

Carl), water 

.3.0 

i 1.3.3 

; 0.4 30.4,37 7 

10.0 

3.2 

2.1 

22.1 

643 

Blue water 

;i 4i 

1 0.0 

0.9 

40.9,50 8 

0.2 

0. 

3.5 


299 

Pintsch 

0.2 

.30.0 

0. 

0.1 

13 2! 

45.0 

9.0 

1.6 

43.0 

1276 

Blau 

0. 

.51.9 

0. 

0.1 

2.7i 

41.1 

0. 

1.2 

48.2 

1704 

Oil-water 

2.0 

! 7.0 

0.2 

9.2 39. S 

34.6 

• • • 

6.6 

19.7 

680 

on 

0.3 

31.3 

0. 

2.4 

13.5 

46.5 

3.9 

1.1 

38.0 

1320 

Gasolene 


1..5 

18.. 5 




CJIu 

= 10.3 

69.7 

16.0 

514 

Aeoty!(‘U(^ 


i:().,0 

0.8 




.... 

3.2 

225.0 

1350 

Natural 

0.3 

0.3 

0.3 

0..5 

2.3 

92.0 


3.5 

H2S 

840-1170' 


! 

1 



J 



■0.2 



(f) Carbon dioxide. This is l)e.st determined by Rudorff’s method * which 
consists in titrating about a liter of the gas with standard potassium hydroxide. 
I'he arrangement and manipulation of this apparatus will be evident from Fig. 128: 
the caiMicity of the ^^'oulfT bottle must be known and if the gas contains hydrogen 
sulphide, it must be absorbetl by passage over manganese dioxide. 

(g) Specific Gravity. The readiest method depends upon the time of efflux 


of the gas compared w’ith air; 


Cf' 

sp.gr. —' 7 ~G and A represent the times of efflux 
^2 


in seconds of gas and air. The apparatus is obtainable from the dealers, or may 
be constructed according to Jenkins* as follows: 

“ It consists, Fig. 129, of two large rubber stoppers, each having a brass tube, 
projecting laterally near the large end, and connecting with the hole in the stopper. 
A glass piece A in the form of a truncated cone fits tightly over one stopper; it is 
9 ins. long, 1^ ins. diameter at the base and 1 in. at the top. A similarly shaped 
piece B 9 ins. long by 1 \ ins. diameter at the lower end fits over the second stopper; 
2 ins. above tlu^ latter the tulxj has a constriction 1 in. in diameter, and at its 


> J. Am. Chetn. Soc., 3ft, 2.30, 1908. 

* Proc. Mich. Cas As.sor‘iafifJii, 83, 1904, 190.5. 

* Fulweiler, Rogers’ and Auliert’s, “ Industrial Chemistry,” 2d Ed., 404. 

* Orton, Ceol. of Oliio, VI, 137. 

* Heinpel, op. cit., 262. 

* Stone, op. cit., 261. 
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upper part is narrowed to a neck in. in diameter which is ground on the inside 
to receive the end of a tube 7^ ins. long and \ in. in diameter, in the upper end of 
which is fitted a platinum plate containing the emission orifice. One and throe- 
fourths inches below this plate is a three-way glass stopcock, and 3 ins. below the 
latter a scratch surrounds the tube and serves as the upper mark in the escape 
of the gas. 

“ Fitted into the hole in the stopper is a hollow cylinder of brass to which is 
soldered a curved piece of brass wire pointed at the end, which risra 1 J ins. above 
the surface of the stopper. T1 j two brass tubes projecting from the outside of 
the stoppers are joined by a piece of rublxT tubing 15 to 18 ins. long. 

** In using this instrument the larger tulwj It is filled with water, of the tem- 
perature of the room, nearly to the top, the stopcock being turned so that egress 



Fig. 128. 



of air from the smaller tul>e is prevented. The. larger tube is plaeeil on an elevated 
surface just high enough so that its bottom is above the level of the scratch on 
the narrow outlet tube, the cock is turned so that the air may escape through the 
orifice in the platinum plate, and on the second, when the point of the brass wire 
breaks the surface of the rising water, a stop watch is started. The latter is stopped 
when the water exactly reaches the senvtch. 

** The large tube is lowered, and the stopcock turned so that air may enter 
through its hollow point. When the water is again all in the large cylinder, the 
cock is turned to connect the small vessel with the outside air through the platinum 
tip, the large cylinder is replaced on the elevation and the operation repeated. 
Results should be obtained which check within one-fifth second. 
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“ Now connect a rublM^r tiiljc to the gas supply and to the tip of the stopcock, 
lower the large cylinder .and force the water into the latter by means of the gas 
pressure. Thoroughly saturate the water with the gas to be tested; this may be 
done by shaking gas and water togc'ther and by forcing the water up and down 
in the small vessel in contact with the gas. Repeat the operation with gas in 
in the same matincr as dcscrilx'<l for air. The calculation is made in accordance 
with tlie formula. 

“ The advantages of this apparatus are its portability, its cheapness, its rapidity 
and accuracy. When set up, the cylinders are inclined to be a trifle unstable; 
this may lie overcome by fastening a lead plate to the base of each stopper, 
hour jirecautions in connection with its use should be emphasized: (1) The water 
must be of the room temiierature; (2) the water must lie thoroughly saturated 
with the gas; (li) the platinum tip, stojicock, and upper part of the tube must bo 
kejit dry and clean; (4) the large cyluuler must always, in any one determination, 
be placed .at the same ln'ight.” 

Another method consists in the use of the Lux gas balance. This consists of 
a balanced glolie into which the gas jircviously tillered through cotton, passes and 
its .s|M*cifif! gravity is r«*ad off dinvtly on a scale. 

The knowledge of the sjM’cific! gravity is imiiortant, as it is involved in the 
fonnula for the calculation of the How of gas in piixis; it also enables the gas 
manager to ascertain the n<'ight of gas jiroduced from the coal, and to get an idea 
of the nature and amount of impurities in the gas, all these being heavier. 

(h) Tar. h'or the estimation of tar, (’lemons Winkler* recommends the pro- 
ce<lure of 'ri<'ftrunk: I’lns consists in passing the gas through 25% alcohol and 
collecting and weighing the tar on a tared filter. 

IV. SULPHURIC ACID OASES, 

the gases involved in the manufacture of sulphuric acid: 

a. Rurner gases; 

b. NKrogen g:ises; 

c. Oxygen: 

d. Oases involved in the contact process. 

(a) Burner Gases. Sulphur Dioxide 

This gas may be (leterinin<*d by the method of Reich. It consists in aspirating 
the gas through stiiiahird iodine solution (N/10 is suitable) until it is decolorized. 
The amount of iodine us(hI in the t(*st and the volume of the aspiratetl gjus being 
known, the ixTcentage of SO, can readily be calculated. 

I'Mg. 130 shows a form of apiiaratus for making this determination. The 
standard iodine, 5 to 25 cc. N/10 I, dilutwl to 1.50 to 2(X) cc., is placed in the 
Ixittle, about 400 cc. cajiacity, and starch indicator added.* The gas to lie tested 
is aspirated through the iodine until the color of the starch blue fades completely. 
Water which flows out from the graduated cylinder by lowering the asjiirating 
bottle, jirodiices the suction, and the amount measures the volume of the aspirated 
gas. I'Vom (h(> (juantity of iodine used and the volume of the gsis reijuired to 
decolorize flu; solution the per cent of sulphur dioxide is calculated. 

‘ “ Die Industrie (Jase,” ]iage .52, also ITemncI, op. oit., 2:i0. 

* Starch indicator may Ihi omitted if the lignt is good for observing the fading out of 
the iodine color. 
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Should the contact gas contain 
SOa, this is absorlicd by passing the 
gas through 50 to 100 cc. of stnmg 
HjSO^, to avoid the action of SOa 
on the rubber tubing of the appara- 
tus. A rapid current of the gas is 
passed tlin)Ugh the acid to saturate 
it with SO* before making the tests. 

The Ueich method is more appli- 
cable for determining small amounts 
of SO*. A 12-1.5-Iit.er gradiiatetl as- 
pirating lM)ttle is usetl in works tests 
of exit gas(;s for m(*asuriiig the gas. 
Since thes(^ volumes are under .stand- 
ard condilions (7(50 min. and 0° i\), 
it will be nec(\s.s{iiy to convert the 
volumes obtaineii in the tests to these 
conditions, using the formula \' - 


7>o 


700 (H-O.OO3()70’ 

mea.simjd volume, P° =observed bar- 
ometric, pn*ssure, t = temperature of 
the gas, and ic =* aqueous vajior pres- 
sure at temperature of the test. 



Tahi.e i-’oit Reich’s 'Tests Fon Pebcentaob SO*. ITsing Tenth Nohmaij 

Iodine Solution 


Voluirio IVr n-iit SO* 

25 cv. N/10 Icidiiii*. 

ID vv. N/10 lodino. 

5 cc. N/10 luilino. 

12 

205 cc. gas 



11.5 

215 “ “ 



11 

226 “ “ 



10.5 

238 “ “ 



10 

252 “ “ 



9.5 

265 “ “ 



9 

283 " “ 



8.5 

300 



8 

321 “ “ 



7.5 

344 “ “ 



7 

371 “ “ 

148 CC. gas 


6.5 

402 “ “ 

161 “ “ 


6 

438 “ “ 

175 “ “ 


5.5 


192 “ “ 


5 


212 ‘ ‘ “ 


4.5 


237 “ “ 


4 


268 “ “ 


3.5 


308 “ “ 

154 cc. gas 

3 


361 “ “ 

181 “ “ 

2.5 


436 “ “ 

218 “ “ 

2 



274 “ “ 

1.5 




1.4 




1.3 




1.25 



442 “ “ 
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Sulphur Dioxide in Exit Gases.* Sulphur dioxide is seldom above 1% in 
exit gases leaving the absorption tower of the sulphuric acid plant. Generally 
the loss is below 0.2% on a carefully regulated unit. The Reich method is suflS- 
ciently accurate for this determination, for all practical purposes. If 10 cc. of 
N/10 iodine are used the percent SO* may be calculated by the formula: 


^^•17 e/cn 
v;+uri7"""^”- 


Fo= volume of the gas reduced to .standard condition 0“ C and 700 mm. 

11.17 = cc. of so* gas equivalent to 10 cc. of N/10 icHline. 

The following table is calculated on the assumption that the gas is under a 
pressure of 760 mm. + vapor pressure of 17 mm., at room temi>erature of 20° C. 


Measured Vol. Per cent SO* 

1000 cc 1.22 

1100 cc 1.00 

1200 cc 1.01 

1300 cc 93 

Measured Vol. Per cent S( )* 

32(K) cc 38 

3400 cc .36 

3tMH)cc 

:iS00 cc 82 

1400 cc 87 

1500 CG 81 

4000 cc .31 

42(M)cc 29 

KKXlcc 76 

1700 cc 72 

1800 cc 67 

1900 CC 04 

4400 cc 28 

4600 cc 27 

4S(K)cc 26 

5()()() cc 25 

2(K)0cc 61 

2100 cc ^ . 58 

.5.500 cc 22 

0000 CC 20 

2200 cc 5.5 

2.300 cc 53 

2400 cc .51 

2.500 cc 49 

2600 cc 47 

2700 cc 45 

2800 cc 44 

2900 cc 42 

3000 cc 41 , 

6.500 cc 18 

7000 cc 17 

7.500 cc 16 

8(MM)cc 15 

8.500 cc 14 

9000 cc 14 

9500 cc 13 

10000 cc 12 


Sulphur Dioxide in the Inlet Gases of the Sulphuric Acid 

Contact System ^ 

Apparatus. Burette. This should l)e of the bulb type with a graduated 
capacity of 1(K) cc., the bulb holds alxait 87 cc.; the stem is graduated in tenths 
<)f a cubic centimeter from 0 to 12 cc. The diameter of this graduated port, ion 
is such that each cubic centimeter occupies approximately 18 mm. in length. The 
total length of the burette is 45 to .50 cc. 

There is a constriction at the lower end of the burette, or the rubber tube 
connecting the burette with the leveling tidx; may 1x5 pinched d<)wn so that it 
requires 10 to 1.5 seconds to pa.ss 100 cc. of mercury in or out of the bur(5tte. 

The burette has a water jacket of sufficient capacity to include the chamber of 
the burette and its gr:iduated portion. The diameter should be sufficient to 
accommodate the bidix5d portion of the burette and a thermometer suspended by 
its side. Distilled water boiled free of air is used in this water jacket. 


* Communicated by W. W. Scott 
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A thermometer regis^tering from 5 to 35° graduated in tenths of a degree is 
left suspended in the water jacket next to the bulb. 

Leveling Tube. This is preferably a straight glass cylinder constricted at 
lower end to accommodate the heavy-walled rubber tubing, connecting the tube 
with the burette. This IuIkj is al)out 52 cm. long and has a diameter of 18 to 
25 mm. The lower portion of the tulx3, where tliLs is held by the hand, has a cover- 
ing either of rubber, or of a heat-insulating material, to prevent warming of the 
mercury while making the test. 

Capillary Tvbe. The tube t -nnecting the burette with the pipettes and the 



sampling piiJe should have a fine capillary— the entire internal capacity should 
not exceed 1 cc. Details of construetum shown in the figure. 

Pipette. The cylinder of the pipette has a capacity of 150 to 175 cc. The 
pipette reservoir of 500 to 550 cc. caiuieity is recommended. 

Reagents. Mercury. Mercury is used in tlie measuring burette. This 
should be kept bright and clean and “ drag no tail.” To keep the gas saturated 
with moisture the burette should contain about 0.2 cc. of distilled water over the 
mercury. 

Water Solution <.f Chromic Acid. A 50% solution is recommended, although 
a weaker solution may bo used. The strength of the reagent, however, should 
be over 25% CrOj. 

Sampling. The iron pijies carrying the gas to and from the testing appara 
tus have a diameter of ^ in. to f in. The lino is run from the positive pressure 

’ Orsat apparatus modified by T. L. Briggs and W. W. Scott j 
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fliio near the blower to the testing apparatus and back to the minus pressure flue 
entering the blower, and the gas allowed to flow continuously through this shunt 
line. 

Making the TeH. A volume of 100 ce. of the gas is drawn into the chamber 
burette (Fig. 131), by oix^ning the stopcock A {/I 1m nig closed) and lowering the 
levc»liiig-tulK' - Stopcock A is closed, B ojK'iicd and the gas ex|M'llcd into the air by 
raising the leveling tube JF/, using care to prevent mercury bumping at the top 
of the resei-A’oir. (Alercury carried into the chromic acid will reduce tl-is reagent.) 
A second KMJ cc. of the gas is taken and exix'Iled as before. Finally a third 
100 cc., carefully rnc'asurcd, is taken for the test. The top of the mercury 
columns in the burette and leveling tubes should be exactly level. The wat(‘r 
surfac*e should be at the 0 mark on the burette. Stopcock B is ahvays closed 
during the drawing in of the gas. The tcmix'raturc of the watcT jackc't is now 
obscTV<‘d. Sti>])C(jck A is closed an<l stojM’ock (J leaflingto the absorption pipette 
ojM'ned. The; Irvriina lube is raisc‘d as bc*foro and tin* gas complet«*ly passed 
into the pi]M*<1e. The gas is drawn back into tin; na’asuring burette by lower- 
ing llie Ic'vt'ling tub(‘ and measurc'd. The mercury columns should stand at the 
same lev<*l, the rea<ling being takcui at the surface* of the wat(‘r ovc‘r the mercury. 
A se(*ond pass into the pipette is now made and, if no further contraction of the 
gas occurs, th<; reading taken. The tem|K;ratiire is observed and a correction 
maile of ().3(} cc. per degree (centigrade) rise or fall of ttMuperature. This corn'c- 
tion is added if tlie temperature rises, or is subtracted if the temperature falls. 

The contraction of the gas, due to absorption of SO 2 , in terms of cc. giv<*s 
the dir(*ct ^jcr cent reading. 

Example : 

100 cc. gas taken. 

Final reacling 01. o, i.e., direct =S./> cc. 

Tempi'rature change =0.4° rise. 

Then S.r) + (.4X.30) =S.(i% SOa. 

Tests should be made in duplicate, each Orsat having tw'o pipettes. Very 
little more time is recpiired to run the check te.st if the following method is observc'tl. 
The first sample is taken and passed into one of the pijx'ttes; a second sample, 
immediately taken, is passed into the second pipette. The first samj)le is now 
again nu*asur(Hl and then returned to the first ])ipetle and then the check sample 
nu*asured and retiu’iied to its pipette. The first sample* is again measured aiul if 
a further* contraction is obseTveil it is again passeel into its pipette and the process 
reiM'ated with the second sample. By thus alternating the* tests and allowing the 
gas to stand in the* pipettes the second pass will cause complete absorption of SO.*j, 
third pass seldom being necessary. 

Notes and Precautions. Burette. The constriction preventing a rapid flow 
of iiHU'cury acrcomplishes the following: 

1. It prevents the wave motion of mercury, which results from a rapid flow. 
This wave motion makes it exceedingly difficult to draw in 100 cc. of gas accurately, 
and makes it necessary to hold the tulx; several seconds until the motion has ceased 
before taking a residing. 

^ 2. The constriction jirevents mercury bumping into the capillary and from 
being thus carried into the absorption reagent. 
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3. It minimizes the danger of drawing the absorption reagent into the chamber 
burette. 

Water in the Burette. The burette should, as stated, always contain about 
0.2 cc. of water, over the mercury to saturate the gas with muisturc. Results 1 to 
4% low will be obtained if the burette is allowed to become dry, the amount of 
error depending upon the temperature of the gas. One hmidred cc. of dry gas 
expand upon absorbing moisture ,o 101.2 cc. at 10°; 101.7 cc. at 1.*)°; 102.3 cc. 
at 20°; 103.1 cc. at 25° and 104.1 Ci-. at30°. 

Leveling Tube. The covering recommended prevents warming of the mer- 
cury with the hand. When the apparatus is kept stationary, practically no 
change of temperature takes place during the test if the rnenairy is thus pro- 
tected, so that a temperature correction will not be refiuircd. If the appsiratus 
is moved from a warm to cold zone or vice versa, temiierature corrections will 
become nccc.ssary. 

Pipette. The form of pipette sho'WTi in the illustration is simple and com- 
pact. I’he bottle affonls lx)th protection and acts ns a water jacket. The pijjette 
is filled with thin-walled tulx's having a small bore. The pipette should be tightly 
packed as loose packing and large-lx)red tubes both lessen the etficicncy of the 
pipette, cutting down the surface for absorption. 

Rubber Tube Connection. Since sulphurit; anhydride acts on rubl)er, in 
presejice of this gas, rubber tubing for connecting the testing a])paratus to the 
sampling pipe should not Im; used, except in flush connections Mith the pipe in 
contact with the inlet tulx) of the a])paratus. In absence of sulphuric anhydjide 
the use of rubber tubing is not objectionable. 

('leaning the liurelle upon Accidental Drawing in of ('hromic. Acid. Should 
the reagent bo accidentally sucked into the eaj)illary or into the burette, it may 
be easily wasluid out with distilled water by drawing this through stop<‘ock B 
and flushing out several times by lowering and raising the leveling tube. The 
excess water may be removed fn)m the eapillary by oijoning stopcock C and 
allowing to flow out. If mercuric oxide is f<*rmed in the bun^tte it may be dis- 
solved by flushing with sodium hydroxide solution. 

('hromic Acid Heage\t. Theoretically, a charge of 50% a<iueous chromic 
acid solution (1(K) g. ( ’rOa+KK) g. HaO) amounting to .300 cc., is suflicient to absorb 
the SOa of over 12, (MX) determinations. In pnactice, however, the reagent should 
be renewed long before the chromic acid has been used up by the suljdiurous 
acid. 

Nnmlter of Passes. Although two ptisses are generally sufficient to completely 
absorb the HOa, it is necessary to make a third pass and olwerve whether any 
further contraction takes place. If the reagent is effective and there are no 
leaks in the apparatus the third pass will show no change. 

Lubrication of Stopcocks. A mixture of beeswax and vaseline or wool 
grease (1 : 2) has been found excellent for this purpose. Not only does it lubricate 
the stopcock, but it prevents leaks. Eighty parts rubber melted with 20 parts 
beeswax is also good and is acid resisting. 

Rubber Tutte Connections. Coating the glass tube with a visct)us solution 
of sealbig wax, dLssolvcd in alcohol, or etching it with hydrofluoric acid, on the 
portion covered by the rubber will make a tight joint so that wiring the joint will 
not be necessary. 

Parallel Leveling Lines arc placed behind the burette to enable more accurate 
leveling of the mercury columns. 
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(b) Nitrogen Oxides 

Nitrogen tetroxide, NjOi, and nitrous acid, N*Oi, can best be determined by 
absorption in standard permanganate (acidulated with sulphuric acid) according 
to p. 694. 

Nitric oxide can be determined by passing the gases through soda l 3 re, then by 
adding air to the collected volume, convcrtuig it to nitrogen tetroxide and deter- 
mining it as above indicated. 

Nitrous oxide is determined in the acid-free gases by explosion with hydrogen. 

(c) Oxygen is usually determined by acid or ammoniacal cuprous chloride — 
phosphorus is also employed. The pereentagts of t>xyg(5n should not exceed six; 
a larger amount means that heat is ^ing lost from the chambers by the exhaust 
gases. Knowing their temperature, the loss of heat can be calculated as with 
chimney gases. 

V. MINE GASES » 

The gases to be sought are tliose found in illuminating gas and for most pur- 
poses the procedure on p. 704 can be followed. For small (juantities of methani. 
the apparatus of Haldane, modified ajid described by Burrell and Seibert should 
l)e used. This is practically an Orsat, using mercury as the confining liquid 
and with a compensating tulx? and grisoumeter for burning the metliane. 

For determuiati(»n of methane alone, the appsiratus f)f Shaw * may lx; recom- 
mended. This determines fir.st the p(*r cent of illuminating gas necessary to make 
an explosion of definite stnvigth with ordinary air; W'hen this has Ixurn done, 
mine air is used in place f)f the ordinary air and a smallcT ixircentago of illuminat- 
ing is nxpiired -smaller by the amount of combustible gas hi the mine air. I'he 
strength of the exjilosiim is nn*asured by noting by the ear the force with which 
the plunger is driven out from the explosion cylhidtsr against a boll. 

In case this apjianitus be not at hand, Brunck’s'* method can lie employed. 
This consists m burning tlio methane in a 2-Iiter Firlenmeyer flask by means of 
an eicctric.ally heated platinum sjiiral. The flask carrying the spiral in the 
stopiMjr is sunk hivertcd in a ve.ssel of water and the current allowed to pass for 
half an hour, which is suflicient to bum the methane. It is then cooled and 
25 cc. BaOiHs (1 cc. =1 c<‘. ('()a) added, time allowed for absorption of the carbon 
dioxide and the excess of BaOjHj determined, p. 728, and the quantity of methane 
calculated. 

Clowes and Redwood * have worked out a method for the detection of inflam- 
mable goB in air, employing the “ flame cap.” When an inflammable atmosphere 
is brought in contact with a candle or better a hydrogen flame, the gas bums, 
forming a “ cap,” like the colorless flame above the blue cone in a Bunsen burner: 
the length of the flame is a measure of the percentage of gas, and as little as 0.1% 
is visible using the hydrogen flame. 

Carbon Monoxide. Besides combustible gases or " fire damp,” it is some- 
times necessary to get an idea of the amount of carbon monoxide (“ white damp ”) 

» See Technical Paper 14, Bureau of Mines, “ Ajiparatus for Gas Analysis labora- 
tories at Coal Mines.” 

• Bull. 42, U. S. Bureau of Mines, 17, 42, 1913, also Technical Paper 39, 13. 

• Ilerichtc, 27, 692. 

•O. Brunck, “ Die Chem. Unters. d. Gnibenwetter,” 1908. 

• “ Detection and Estimation of Inflanunable Gas and Vapor in the Air,” 1896, 
also Clowes. J. Soc. Arts, 41, 307. 
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in the mine air after an explosion or in the “ after damp chemical methods, 
p. 704, being too slow, use is made of the behavior of birds and mice when exposed 
to such an atmosphere. To this end they are carried in cages by the rescuing 
party and their behavior noticed. Canaries show distress in an atmosphere 
containing 0.16% of CO in five to twelve minutes, or with 0.20% in half this time: 
Mice are less sensitive,* and men may disphiy distress when carbon monoxide is as 
little as 0.1%, whereas animals mv be unafTcctcd. In case either is overcome by 
the gas, resuscitation can be effected by bringing them out into the open air again. 
Repeated exposure of the gas would seem to be without influence. 


VI. ELECTROLYTIC OASES 

Gases from electrolytic chlorine, hydrogen and oxygen generators. The follow- 
ing are to be sought for: 

(a) Chlorine, (6) oxygen, (c) carbon dioxide, (d) carbon monoxide, (e) hydrogen. 

(a) Chlorine. Hcmpel ® recommends measuring the gas quickly in his burette 
over water and then sucking in 6 cc. of 60% potassium iodide solution through 
the capillary and shaking; the diminution in volume gives the chlorine. 

The other gases arc determined in the usual way. As phosphorus cannot be 
used for pure oxygen, a specially prepared potassium pyrogallate, p. 736, is 
employed; cuprous chloride or amtnoniacal cui>rous carbonate in the absence of 
carbon monoxide is very satisfactory. 

VI 1. ACETYLENE 

Commercial acetylene may contain tlie followiiig gases: 

1. Oxygen; 4. Nitn)gen; 

2. IIj’’drogen; 6. Sulphur-containing gu.sos; 

3. Methane; (5. Phosphine. 

Oxygen is estimated after the ab.sori)tion of the acetylene itself in fuming sul- 

phuric acid, in the usual way with ix)tas.sium i>yrogsillate. Methane and hj'drogen 
would Im) determined in this residue, after treatment with amrnoniacal cuprous 
chloride to complete the remoA'^al of acetylene, by the ordinary explosion methods, 
p. 704. Is'itrogen would be left as a residue. 

Sulphur-containing gases. These are most likely organic sulphides, as 
hydrogen sulphide is probably absent, since the solution is strongly alkaline from 
which the acetylene cscaiJes. They can be determined by combustion, as in illu- 
minating gas, p. 716, and be.st be reported as “ total sulphur.” 

Phosphine is also similarly estimated and the phosphoric acid determined in 
the usual way; the quantity of PH* nirely exceeds 0.05%. Acetylene can be 
purified by pa.ssing over bleaching powder, through acid cuprous chloride or 
chromic acid: The candle power is usually given as fifty per cubic foot, or 180-200, 
when burned at the rate of 5 cu.ft. per hour. The explosive limits are according 
to Clowes » 3 to 82%. 

* Burrell, Seibert and Robertson, Bureau of Mines Technical Paper 62, 1914> 
” Relative effects of Carbon Monoxide on Small Animals.” 

* ” Gas-Analytische Methoden,” 4th Ed., 1913, p. 278. 

* Op. dt. 
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VIII. ATMOSPHERIC AIR 

(a) Moisture; (6) Carbon dioxide; (c) Ozone; (d) Carbon monoxide; (e) 
Bacteria. 

(a) Moisture ‘ by ciiemical means, see p. 731. Tiie amount of moisture can 
be determined by the slinf; psychromcter, or wet- and dry-bulb thermometer or 
by the hair hygrometer. 'I'he sling psychromcter is the most rapid and accurate — 
the wet- and dry-bulb thermometers are so arranged that they can be rapidly 
whirled for fifteen or twenty seconds, stopped and quickly read, the wet bulb 
first ; this is repeated until closely agreeing readings are obtained. The humidity 
is determined in the usual manner from the meteorological tables. 

The am^)unt of moisture in the air is probably indirectly responsible for our 
sensations of comfort or discomfort, rather than the amount of carbon dioxide, 
as was formerly thought. 'I'his moisture controls the heat loss frf)m the body, 
which loss must be normal — ^neither too high nor too low. The greater the 
humidity the less the evaporation, consequently the less the cooling. 

For comfort, the higher the temperature the less should bo the humidity; 
the followitig shows the relation between the two: 

Tomp.,°F 60 OS* 70 80 90 

Relative humidity, per cent 67 40 49 31 16 

(b) Carbon Dioxide. One of the most satisfactory methods is that of Hesse.* 
This consists in absorbing the carbon dioxide from a definite volume of air with 

standard barium hydroxide and dettjrmining its 
loss of strength. 

The air is collected in heavy lOrlenmeyer flasks 
of 100-500 or 1(X)0 cc. capacity, or clear glass 
bottles; these are stoppered with doubly per- 
f«»nited rubber stoppcjrs carrying glass ;)lugs and 
the capjicity of the flask or bottle noted to the 
depth of the stopjxir. A 10-cc. pijjctte mid a 
15-c(!. glass-stoppered burette graduated in cc./lO 
with an 8-cm. tip, complete the outfit; a solution 
of 1 .7 grams of barium hydroxide and chloride 
(20 : 1) in a liter of water, B Fig. 132, and of 
oxalic acid 5.6325 grams jxir liter (lcc.=l cc. 
C’Oj), with phenol phthalein 1 : 250, are required. 

The bottles are filled with steam by exposure 
for three minutes and the vaselined stop}X)rs in- 
serted, or they may be filled with distilled water 
and oiK'ned in the place the air of which is to be 
examined. 

In all this work, it should be remembered that the exhaled breath contains 
from 30 to 40 parts carbon dioxide per 10,0{K), consetiuently care should be taken 
not to contaminate the samples, nor should they be warmed with the hand. 

* Benedict, “ The Composition of the Atmosphere with Special Reference to its 
Oxygen Content,” Carnegie Institution of Washington, 1912, Publication No. 166. 

* For indoor work. 

* Eulenberg’s Vicrteljahrschr. f. gcr. Med. u. San. N. F., 31, 2. 
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The 10-cc.,- pipette is imrtly filled from the tulx! A, Fig. 132, by means of the 
rubber connector and smoking the li(]uid into the pipette: it is rinsed, filled and 
inserted through one f)f the holes in the riiblKT stopjjcr of the bottle, the other 
plug being momentarily opened. The plugs are replaced and the bottles allowed 
to rest on their sides, with occasional rolling, for twenty minutes. Not 
more than one-fifth of the solution should be used up by the carbon dioxide 
present. 

During this time, the barium h 5 'droxide should be standardized; to this end 
a few drf)ps of phenolphthalein and a quantity of the oxalic acid almost sufficient 
to neutralize the hydroxide should ’le run into a ]()()-cc. I'h’lenme.yer flask from the 
burette; this should be passed through the doubly perforated stopjxjr; 10 cc. of 
the barium hydroxide solution arc run into the flask as above described, and also 
the oxalic acid until a pink color apfKsars. 

Phenolphthalein is added to the bottles containing the samples, the oxalic 
acid burette inserted through tlie stopjjer and the excess of barium hydroxide 
titrated. 

I’lic barometric pressure and teiniieraturc in the lalx)ratory arc noted and 
the volume of the bottle less 10 cc. (Ha() 2 ll 2 ) calculated to standard conditions; 
the difference in the titer of the barium hydroxide solution gives the volume of 
carbon dioxide in the bottle; this is calculated into pails per 10,000. 

Other methods for this determination are more strictly gnsometric, measuring 
the diminiit ion in volume by absorption : ]k*iuulict ^ used Sonden’s, and Anderson * 
recommends a shoil.'iied form of the Petters-son-Palnniuist apparat us. 

'I’his may be described as an Orsat apjiaratus using mercury instead of water 
and with a 25-cc. burette the lower ])art of nhich is graduatc'd to 0.0025 ce.; this 
is coiUHvted to a jiipette of potassium hydroxide, a dc'licate manometer and com- 
[lensating tube. The apparatus is delicate and rapid, but requires a skilled 
operator to manipulate it. 

The amount of carbon dioxide in the outdoor air in the city is about 3.1 parts 
per 10,000, in tlie house, 3. 7-3.0; vidi (i 7 pails in a room, the ventilation may 
1 x 1 consid(*retl as excellent, with 10 parts as about the upiier limit. In some 
theaters which were lighted by gas it aiijiroached 50 parts. 

(c) Ozone. Probably imist conveniently determined by AN’^urster’s method, 
p. <}07. 

(d) Carbon Monoxide. 'Fhe ipialitative detection is most certainly effected 
by the blood test; to this end the gas is drawn through a solution of blood con- 
ained in a Wolff, Fig. I IN, or similar absorptkm tube and examined for its absorp- 
tion sjiectrum. The blood solution is made by mixing ox blood W’hich has been 
defibrinated by wdiijiiiing, with an eipial quantity of a cold saturated solution of 
borax; this can be kept (as a side-shelf reag<*nt) in the labomtory for montks. 
This solution is diluted with 19 volumes of water, giving a solution of blood of 
1 in 40 W'hich is placed in the absorption tulxi. l-he air is drawm through it at 
a rate of 3 liters per hour, retpiiring 10 liters in sijme cases; the solution is put 
a thin flnt-sid(*d Ixfftle and six‘<-troseopically examined. 

Pure diluted blood, h'ig. 133, shows tw'o dark absorption bands, spectrum 2, 
bctw’(‘en the JJ and E line ; these are welded into one broad band by reducing agents 
as NH4STI, siKictrum 4; blood W'hich has absorbed carbon monoxide showrs two 

^ Op. cit. 

’ J. Am. Chem. Soc., 36, 162, 1913. 
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broader bands in the same place, spectrum 3 , which arc unaffected by reducing 
agents. The (luantitative determination depends upon the equation, 

r)CO+IA=5CO,+L. 

This has been studied by Kinnicutt and Sanford ^ and recently by Morgan and 
McWhorter* and by the writer. The pn)cess consists in sucking the air through 
the iodine pentoxide contained in a tl-tube h(*ated in cottonseed oil or glycerin 
bath to 150®, passing the iodine into i)otas 8 ium iodide solution and then aljsorbing 

the carbon dioxide in standard barium 
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hydroxide, llolh the iodine and bar- 
A ium hydroxide solutions are titrated. 

^ The last two investigators call par- 

IH ■ I I ticular attention to the case with 
which iodine pentoxide at 150® is 
decomposed by organic matter, par- 
ticularly stopcock grease; the pen- 
toxide should be scaled into the 
U-tube, as glass stopcocks cannot be 
T1 us(?d. The writer can substantiate 
Fig. 133. this statement, and would suggest 

, , . , , . further that the U-tubc be chemically 

cleaned with cleaning solution (Na^CrA + 11 * 804 ) before filling with 1 * 06 , as weil 
as the tul)cs thnmgh which the gas is sucked before reaching the U-tube; rubber 
connections should, if jxissible, bo avoided, and the tubing should have been 
cleanw'd by wunmng with dilute soda lye and washing. ^J’he U-tubc should lie 
drawn down to the same size as the connecting glass tubing and the two butted 
closely togi'ther in the cleansed rubber connector. 

1 he iodine is t itrated w it h N/KKK) thiosulphate and every 2.27 mg. of iodine 
coiiesjKaids to 1 cc. of carbon monoxide undiT standard conditions; the carbon 
dioxide IS absorbed in the hydroxide contaiiujd in a long test-tube 24X2.5 cm. and 
titrated with ox;ilic acid (1.12(55 grams crystallized acid to 1 liter) using phenolph- 
thaleui; 5 ce. of the acid are ciiuivalent to 1 cc. of carbon dioxide. 

Haldane* states that as little as . 01 % of carbon monoxide can bo deterinined 
colorimetricjilly by absorbing in diluted blood and comiiaring it with standard 

carinine solutiim; carbon monoxide turns the brownish yellow color of the blood 
to pink. 

(e) Bacteria. Sec “ Standard Methods for Bacterial Kxamination of Air.” 
Am. J. Pub. Health, 6 , No. 3, 1910. 

* J. Am. Cheni. S(ic., 22, 14, 1900. 

* Ibid., 29, 1589, 1{K)7. 

* Clowes, op. cit., 138. 
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DETERMINATION OF MOISTURE IN OASES 

The gas to be tested is passed tlirough a dehydrating agent such as phosphorus 
pentoxide, PjOt, alumina, AI2O3, or lime, CaO, contained in a weighed U-tube, 

Fig. 134. The following facts should lie borne in mind in 
selecting the dehydrating agent: (a) It should not absorb 
the gas; (h) it should not react chemically with the gas. 
For example— lime or alumina could not be used for 
determin' ig moisture in sulphur dioxide, nor could phos- 
phorus ixaitoxide lie used in determining moisture in 
ammonia. For the former, phosphorus jicntoxide is best, 
and for the latter, lime. Alumina that has been care- 
fully heated to 1400® is useful for determining moi.sturc 
in neutral gases. It should be rememlxired that gases 
dried over calcium chloride will give up moisture to 
strong sulphuric acid, and these in turn will give up 
moisture to phosphorus jientoxide: Prfifessor Morley has even determuied the 
amount of moisture that is left after this latter treatment. 

Procedure. The volume of the gases required for the test varies widely 
according to the percentage of moisture in the gas, 1000 cc. to 
10, (XK) cc. arc generally retiuired. For minute amounts of moist- 
ure it may be necessary to lead the gas over the dehydrating 
agent for a given length of time, using a manometer or differ- 
ence gauge, or a gas meter. The abstjrption tube is weighed 
before and after the test and the increase in weight taken as the 
moisture content of the gas. 

Method of Determining Gasolene Vapor in Gaseous 
Mixtures.^ Fig. 1 35 shows the apparatus for the gasolene-vai)or 
determination. The bulb a contains phosphorus pentoxide for 
removing water vaiwr. If the latter were not removed it would 
also be retained at low tempenitures and would subsetjucntly 
exert pressure when measurement was being made of the pres- 
sure exerted by the gasolene vapor. 

I’o start a determination the apparatus is connected to a 
vacuum pump and its air exhausted. The mixture of gasolene 
vajjor and air is thcii introduced at atmospheric pressure, the 
barometer is read, and the two bulbs are immersed in liquid air 
contained in a Dewar flask. After about ten minutes, the air is 
removed from the apparatus with a vacuum pump. The stop- 
cock on the apparatus is then closed, the liquid air in the 
Dewar flask removed, the gasolene allowed to vaporize, and its 
pressure read on the mercury manometer attached to the appa- 
ratus. The ratio of this pressure to the pressure of the atmos- 
phere gives the ijcrccntagc of gasolene vapor originally in the air. 

U. S. Bureau of Mines, Technical Paper No. 115, Burrell and Boyd. 
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DETERMINATION OF NITROGEN BY THE NITROMETERS 

I’lic nitrometer, Fig. 13G, consists of a gas-generating bulb fitted at the top 
with a two-Avay cock leading to a dissolving cup and a gsvs-exit tube, tmd which 
has at the bottom a connection for a rubber tul)e leading to a leveling tube, the 
whole being filled with mercury to a level just below the up])er cock; a cylindrical 
glass measuring tube graduated fnjm 0-100 cc. connected to a leveling tube through 



Fi«. l.’JG. 


a T-tube leading to an equilibrium tuljc. '^I''he latlc'r is shaped like an inverted 
100-<‘c. pij)ette graduated downward i)eIow the bulb from 100-1, *10 cc. The whole 
system is filled with mercury so that the measuring tulx; may be completely dis- 
charged by raising the leveling tube. 

Adjusting the ICguilihrium Tithe. The volume of 100 cc. of dry air at 0® C. 
and 700 mm, under the temi)erature and barometric conditions prevailing at the 
time is calculated, 3 drops of 9S% sulphuric acid are drawn into the tube and 
the level of the mercury fixed in accordance with the calculation. The cock of 
the tube is then closed and sealed with melted paraffin. The volume in this tube 
may be confirmed at any time by opening the measuring tube and adjust ivg 
the leveling tul^e so that the level is the same in the three tulx’s. The volume of 
gas in the equilibrium tube is then read and compared with the calculated volume 

Joyce and La Toureltc, J. Ind. and Eng. Chem. 6, 1017, 1913. 
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at the time, a correction in the snl>sequcnt gas readings in the measuring tube 
l)cing made accordingly. 

Nitrogen in Pot^iHsimn Nilrak. Approximately 0.4 gram potassium nitrate 
is placed in a weighing tulie, dried two hours at 110° desiccated twenty-four 
hours over sulphuric acid and weighed cxjictly by difference into the cup of the 
gas-generating bulb. This is dissolved in 9 cc. 95% sulphuric acid, added through 
a siphon thistle tuljc, entering the top of the dissolving cup through a tight-fitting 
rubber stopper. When the salt is di.s.solvcd it is drawn into the gas-generating 
bulb and followed by tw’o washings 1.5 cc. each of 95% acid. I'ha bulb is then 
shaken with a motion normal to its long dimension until the volume of giis deter- 
mined by a rough paper scale pasted on the leveling tube becomes constant, this 
operation, taking from three to ffve minutes. 

The is passed into the measuring tube, and after standing five minutes the 
leveling and measuring tubes are so adjusted that the level in the equilibrium tube 
reads 100 cc. and is the same as the level in the measuring tube. The reading of 
the latter is then taken. As the temperature and barometric conditions, in so far 
as they affect the measured volume of the gas, are automatically compensated 
by the equilibrium tube, and as the gas is washed with sulphuric acid and is, there- 
fore, dry, the percentage of nitrogen may l)e calcidatcd dimctly, correcting only 
for the calibration of the equilibrium and metusuring tulies. Seventeen deter- 
minations made when the room temperature ranged from 20-28® gave 13.71% 
nitrogen, the theoretical being 13.84%. 

The nitrometer gives reliable K'sults within 0.02%, in nitrate nitrogen, using 
0.4-0.5 gram sample. It is not available for the determination of nitrogen in 
celluloid or other substances containing carbon ring compounds which appear 
to prevent the complete liberation of nitric oxide in the presence of sulphuric 
acid and menmry. 

Besides tlu; corrections for calibration and standardization of the nitrometer 
in accordance with temi)crature and banuneter, the gas readings should l)e cor- 
rected for solubility of nitric oxide, which diminishes when the temixiraturc goes 
above 28® C., and the formation of other gases by the breaking up of the cellulose 
molecule which increas(!s. 

The following table gives the algebraic sum of these two corrections for tem- 
peratures ranging from 20® to 35® C. 


Temp. 

cv. 

Trinp. 

Cc. 

20.0-27.5 

•fO.90 

30.0 


2S.0 

+0.74 

30.5 


29.0 

+0.34 

31.0-35.0 

mmnn 
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REAGENTS AND TABLES 

The reafi^nts used in gas analysis, particularly in the absorption apparatus, 
are comjjaratively few and easily prepared. 

Hydrochloric Acid, Sp. gr. 1.10. Dilute “muriatic acid” with an equal 
volume of water. In addition to its use for preparing cuprous chloride, it finds 
employmcait in neutralizing the caustic solutions wliich arc unavoidably more 
or less spilled duruig their use. 

F umin g Sulphuric Acid. Saturate “ Nordhausen oil of vitriol ” with sul- 
phuric anhydride. Ordinary sulphuric acid may bo used instead of the Nord- 
hausen ; in this case about an etjual weight of sulphuric anhydride will be necessary. 
Absorption capacity, 1 cc. absorbs 8 cc. of ethcnc (ethylene). 

Acid Cuprous Chloride. The directions given in the various text-books 
being troublesome to execute, the following method, which is simpler, has been 
found to give o<iually good results: Cover the bottom of a two-liter bottle with 
a layer of copper oxide or “ scale ” f in. deep, place in the bottle a number of 
pieces of rather stout copjjer wire reaching from top to bottom, sufHcient to make 
a bundle an inch in diameter, and fill the bottle with common hydrochloric acid 
of 1.10 8p.gr. The bottle is occasionally shaken, and when the solution is color- 
less, or nearly so, it is poured into the half-liter reagent bottles, containing copper 
wire, ready for use. I'he space left in the stock bottle should be immediately 
filled with hydrochloric acid (1.10 sp.gr.). 

By thus adding acid or copper wire and copper oxide when cither is exhausted, 
a constant supply of this reagent may be kept on hand. 

The absorption capacity of the reagent per cc. is, according to Winkler, 16 cc. 
CO; according to Hempel 4 cc. The author’s experience with Orsat’s apparatus 
gave 1 cc. 

Care should bo taken that the copper wire does not become entirely dissolved 
and that it extend from the top to the bottom of the bottle; furthermore the 
stopper should be kept thoroughly greased the more effectually to keep out the 
air, which tunis the solution brown and weakens it. 

Ammoniacal Cuprous Chloride. The acid cuprous chloride is treated with 
ammonia until a faint odor of ammonia is perceptible; copper wire should be 
kept in it similarly to the acid solution. This alkaline solution has the advantage 
that it can l)e used when traces of hydrochloric acid vapors might be harmful to 
the 8ubse<iuent determinations, as, for example, in the determination of hydrogen 
by absorption with palladium. It has the further advantage of not soiling 
mercury as docs the acid reagent. 

Absorption capacity, 1 cc. absorbs 1 cc. CO. 

Cuprous chloride is at best a poor reagent for the absorption of carbonic oxide; 
to obtain the greatest accuracy where the reagent has been much used, the gas 
should be passed into a fresh pipette for final absorption, and the operation con- 
tinued until two consecutive readings agree exactly. The compomid formed by 
the abs<jrption — ^possibly CujC’OC'h— is very unstable, as carbonic oxide may be 
freed from the solution by boilmg or placing it in vacuo; even if it be shaken up 
with air, the gas is given off, as shown by the increase in volume and subsequent 
diminution when shaken with fresh cuprous chloride. 

Hydrogen. A simple and effective hydrogen generator can bo made by 
joining two 6-in. calcium chloride jars by their tubulaturcs. Pure zinc is filled 
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in as far as the constriction in one, and the mouth closed with a rubber stopper 
carrying a capillary tube and a pinchcock. The other jar is filled with sulphuric 
acid 1 : 5 which has been boiled and cooled out of excess of air. The mouth of 
this jar is closed with a rubber stopper carrying one of the rubber bags used on 
the simple pipettes. 

Mercury. The mercury used in gas analysis should l)e of sufficient purity 
as not to “ drag a tail ” when poured out from a clean vessel. It may perhaps 
be most conveniently cleaned, except from gold and silver, by the method of 
J. M. Crafts, which consists in drawing a moderate stream of air through the mer- 
cuiy contained in a tul)e about 3 ft. long and 1} ins. internal diameter. The tube 
is supported in a mercury-tight V-shaped trough, of siSe sufficient to contain the 
metal if the tube breaks, one end being about 3 ins. higher than the other. Forty- 
eight h<)urs’ passage of air is sufficient to purify any ordinary amalgam. The 
mercury may very well be kept in a large separatory funnel under a layer of 
strong sulphuric acid. 

Or Meyer’s method ‘ may be used. A separatory funnel is used to hold the 
mercury. The delivery tube of the funnel is slightly narrowed 0.5 cm. from the 
lower end. Over this side is bound with twine a piece of rather closely woven 
muslin. The mercury is allowed to flow through the cloth into a solution of 
mercury nitrate contained in a tall cylinder, with stopcock at the lower end. 
The tip of the funnel with the muslin dips under the surface of the cleaning 
solution. The purified mercury is drained off from the bottom of the cylinder. 
It can also be purified except from traces of zinc by distillation. 

Palladous Chloride. Five grams palladium wire are dissolved in a mixture 
of 30 cc. hydrochloric and 2 cc. nitric acid, this evaporated just to dryness on a 
water bath, redissolved in 5 cc. hydrochloric acid and 25 cc. water, and warmed 
until solution is complete. It is diluted to 750 cc. and contains about 
1% of palladous chloride. It will absorb about two-thirds of its volume of 
hydrogen. 

Phosphorus. Use the ordinary white phosphorus cast in sticks of a size 
suitable to pass through the opening of the tubulated pipette. 

Potassium Hydrate, (a) For carbon dioxide determination, 500 grams of 
the commercial hydrate are dissolved in 1 liter of water. 

Absorption capacUy. One cc. absorbs 40 cc. CO 2 . 

(6) For the preparation of potassium pyrogallatc for special work, 120 grams 
of the commercial hydrate arc disstdved in 100 cc. of water. 

Potassium Pyrogallate. Except for use with the Orsat or Hcmpcl apparatus, 
this solution should be prepared only when wanted. The most convenient method 
is to weigh out 5 grams of the solid acid upon a pajH^r, jx>ur it into a funnel inserted 
in the reagent Iwttle, and pour upon it 100 cc. of potassium hydrate (a) or (6). 
The acid dissolves at once, and the solution is ready for use. 

If the percentage of oxygen in the mixture does not exceed 28, solution (a) 
may be used;® if this amount be exceeded, (6) must be employed. Otherwise 
carbonic oxide may be given off even to the extent of G%. 

Attention is called to the fact that the use of potassium hydrate purified by 
alcohol has given rise to erroneous results. 

Absorption capojciXy. One cc. absorbs 2 cc. O. 

® J. H. Hilderbrand, J. Am. Chem. Soc., 81, 934. 

® Clowes, Jour. Soo Chem. Industry, 16, 170. 
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Sodium Hydrate. Dissolve the commercial hydrate in three times its weight 
of water. This may be employed in all cases where solution (a) of potassium 
hydrate is used. The chief advantage in its use is its cheapness. Sodium 
pyrogallate is, however, a trifle slower in action than the corrcsiX)nding potas- 
sium salt. 


TABLE 1 

Table Showing THR Tension OP AouKoirs Vapor and "also the Weiort jn Grams 
Contained in a Cubic’ Meter of Air when Saturated 

From to 80° C. 


'oriip. 

1 Tfiisioii, 
iiiin. 

1 1 

(traiMN :| Tfinp. 

ii 

nVnsion, 

mill. 

! . 

1 (Srarn.s. 

IVrnp. 

Tcnsitiii, 

mill. 

(fraiiiH 

5 

t> 5 

0 S i 

1 It 

11.9 

! 12 0 

23 

20.9 ! 

! 20.4 

6 

7.0 

7.3 , 

1 15 

12.7 

: 12. s 

21 

22 2 1 

1 21.5 

7 

7.5 

7.7 ■ 

I 1(5 

13 5 

13.(5 

25 

28.6 

; 22.9 

8 

S.O 

s 1 : 

i 17 

14 4 

14.5 

26 

25.0 

24.2 

9 

8.5 

s.s ; 

IS 

15.4 

15.1 

27 

2(5.5 i 

! 25.0 

10 

9.1 

9 1 

19 

10.3 

1(5.2 

2S 

28.1 ! 

! 27.0 

11 

9.8 

10.0 i 

20 

17.4 

17.2 

29 

29.8 1 

1 28.0 

12 

10.4 

10.(5 ; 

21 

18.5 

18.2 

80 

31.5 

29.2 

13 

11. 1 

11.3 

i 

22 

19.7 

19.3 





Moisture in the Air.^ Twenty tests made on different days c‘xtonding from October 
17th to November 10th, 1910, at a period aKrc^ciriK closely with the* avenij^e atmospheric 
conditions, Kave results varying from 0.1510 gram to 0.5081 gram water vajior per 
standard cubic focjt. The average of the results was 0.2469 gram moisture pcT cubic foot 
of :.ir. Omittiiig three rainy days of this j>eriod the average moisture of the air in the 
laboratory (75° F.) was found to be 0.2141 grain per caibic foot. 

It is an interesting fact that at 75° F., 52 per cent sulphuric acid (recomrnemded as a 
standard) is in equilibrium w4th air containing 0.21.37 gram moisture per cubic foot, 
ac(*ording to an average of results by W. W. Scott and a calcailation from Sorel's tabic 
on tension of miueous vapor in mixtures of sulphuric acid and water. 


TABLE 2 

Specific Heats of Gases at Constant Volume 


Air 

Carbon dioxide. 
Carbonic oxide . 
Hydrogen . . . . . 
‘‘ Illuminants ’’ 

Methane 

Nitrogen 

Oxygen 

Afiucous vapor 


Volumetric.* 

0.243 0.019 
0.234 0.027 
0.245 0.019 
3.41 0.019 

0.404* 0.040 
0.593 0.027 
0.244 0.019 
0.217 0.019 
0.480 


The " volumetric " specifie heat, is the quantity of heat nccessaiy to raise the tem- 
perature of 1 cu.ft. of gas from 32“ F. to 33* F. 


1 Communicatefl by W. W. Scott, 
s II. L. Payne, Jour. Anal, and Applied Chem., 7, 233. 
* Ethylene. 
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TABLE 3 

Calorific Power op Various Gases ^ in British Thermal Units per Cubic 

Foot 


Name. 

Symbol. 

60 ® F. Initial. | 

32 ® F. Initial. 
32 ® F. Final. 

iKiiition 
Point ®F. 

Jydrogen 

n» 

320.2 

345.4 

1085^ 

Jarbouic oxide 

CO 

323.5 

341.2 

1200* 

VIcthano 

CH4 

10<m.2 

1005.0 

1230 

Ihiminants * 



2000.0 


Ethane 

C*H, 

1704.1 

ISOl 0 

1140 

^ropanc 

C-all. 

2521 

2057.0 

1015 

hiTane 

<MlTm 

3274 

3111 .0 


Vntane 

<MIi2 


1255 0 



Cr.II,4 


5017.0 

1 100 

Ethylene 

(’jH. 

loss’ ’ 

1071.0 

1010 ‘ 

^ropylenc 


2317 2 

1 2509 0 

040 

ienz<'ue 

<’r.n« 

3S07 1 

1012 0 


Acetylene 

(Mis 

1470.7 

1 1177.0 

i 

7 SS ‘ 


TABLE 4 

1 cubic inch “10.39 cc. 1 cah)ri —3.900 Ibt.u. 

1 culiic foot =2S.310 liters I pound — 453.. VJ tijram.s 

1 cubic inotcr = 35.31 cu.ft. 


lil. 


jr. 


^ IT. L. Payne, loc. cit. 

Where tfie “ illuniiimnts ” are derived chiefly from Iho decoin 2 )osition of mineral 
3 The chief constituent of the “ gasolene ” used in the gas machines for carburvliitg 
^ Dixon and Coward, Proc. Chem. Soc., 26, 07. 
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V PER CENT LOSS 




FURNACE METHODS OF ASSAYING FOR 
GOLD AND SILVER 

Wallack G. Derby ^ 

THE SAMPLE 

The unit of weight in assaying all classes of material except gold and silver 
bullion is the assay ton, iriilligrams; the same number of milligrams as 

th(*re are ounces troy in a ton of 2000 avoirdupois })ounds. If one A.T. of material 
be taken for assay, the number of milligrams gold or silver obtained represents 
ounces iKjr ton aiul is so designated in reiM)rts. In the assay of all (rlass(*s of bullion 
except eoj)per and lead, results are calculated to and reported in terms of parts 
per thousand. Synonymous with parts per thousand are the terms fine, fineness, 
parts or <legrees fineness. 

The sample ria'cived by the assayer should not only be repres(‘ntative of the 
material undergoing valuation or investigation, but should be in such a state that 
the o|M‘rator (!an, without extraordinary manipulation or precaution, weigh out 
portions which are e.\a(!tly like the sample. As a general njle no sample of pul- 
verized tnaterial should have a fineness of less than SO mesh. With increase of 
value or decrease of proportion of the constituent of the material which carries 
the valuers, the fiiumess should l)e increased to 100, 120 or even 200 mesh, unless 
the attempt to obtain such homogeneity is accompanied by introduction of so much 
matter worn from the grinding mill or plate, or by change of weight due to oxida- 
tion of some constituent, as to decrease rather than increase the representative 
character of the assaj'^ jiortions. The .sample of material which is (!ompo.sed of 
partiiilcs v(>ry unlike in value and so tlissimilar in su<‘h physical ])ropertics tus size, 
weight, magnetistn, hardness, etc., which make separation practicable, .shouhl 
be jiresented to the assaycT in fratdions representative of the com|xments. A 
convenient rule (an algebraical contracti«>n of’ the arithmetical operation), for 
calculating the assay of the whole from t.he assays of the components which for 
convenience will be called, coai’se and fine, may be stated as follows: Multiply 
the dilTerence of the assays of the coarse and fine by the decimal fraction represent- 
ing the jKjrcentagc of fine in the material and, if the assay of tin; fine is greater than 
that of the coar.se, add the product to the a.s.say of the coarse; but if the assay of 
the fine is less than that of the coarse, subtract the product from the assay of the 
coar.se. To a known weight of some sorts of material, during the process of 
sampling, reagents are added bi neutralize and dry acid sul>stances or water is added 
to prevent dusting of light and fitui subst-ances. To calculate the assay to original 
basis; multiply by 1 plus the decimal fraction representing the iier cent increase 
of weight. Occasionally organic matter is removed by combustion, barren matter 
by magnetism or other methods, and very commonly moisture by drying. To 
calculate to original basis; multiply the assay by 1 minus the decimal representing 


> Research Chemist, Nichols Copper Company, New York. 
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the per cent decrease in weight of the sample. Samples of material which have the 
proiHirty of changing weight with atmospheric conditions, should he kept in tightly 
stoppered bottles. The assay of such material is best made on the portion of the 
sample used in the determination of moisture. The distribution of values in solid 
copiMjr or lead bullion is never uniform. Unhomogoneity tends to increase with 
quantity of impurity and with decrease in the rate of cooling from the molten state. 
The sample of copjier bullion should l)C compo.sed of drill shavings from every part 
of the piece which is practicable to attack with a J or g-in. twist drill in such a 
manner that the particles from each part shall have the same proixirtionato weight 
in the sample as the part is of the whole piece. This principle is applied to the 
sampling of the multiplicity of pieces composing a lot of copjier. In lot sampling 
a siiigh; hole is drilled through the top or bottom of each piece of a- definite fraction 
of the total piec(‘S in a lot. The position of the <lrill is changed with successive 
pieces so that it will attack in turn the center of all tin; e(]ual-sized squares comjKKs- 
ing a j)att(‘rn or “ templet ” which will exactly cover one-cpiarter, onc‘-half or the 
whohi of tin* top of the average piece. The s(|uar(*s should be as small as is practi- 
cabl<‘ to drill, about 1 in. It is considered the best practice to drill one-half of the 
holes in blister copixn* top to bottom, the remainder bottom to top, also when 
drilling according to a cpiarter or half templet, to change hand side with every 
other round of the templet. Ail the shavings are ground t(j pass a 2()-inesh screen 
by a drug mill with hani steel grinding plates. The samjde of lea<l bullion, like 
that of coppc'r, should be composed of the due projmrtion of |)articles from every 
])art of the single piece. The end is attained by using for sample the sawdust 
from complete cuts with a circular saw at etpial and <lefinitc inbu’vals along the 
length of the piece. In lot sampling a single cut is made in a definite fraction 
of the total number of pieces in tla; lot. The })ositioii of the cut is changed with 
successive pieces, so that it will pa.ss through the longer axis of each of the c(iual- 
sized rectangles composing the pattern or templet which will exactly cover one- 
half or the whole f*f the top of the average piece of the lot. To make accurate 
sampling ])nssible, it is evident that the i)ieces conq)osing a lot of either copper 
or lead bullion should Im; symmetrical in form and alike in size, shape and grade. 
At regular intervals during the jwocess of ixairing lead bullion into moulds, .samples 
may be taken in the form of shot, but most .satisfactorily in the form of slugs or 
biillets, each wcighiTig clo.se to the amount customarily taken for assay (J or 1 
A.l'.) and com|M)sed of the entire contents of the ladle used for dipping. All classes 
of gold or silver bullion and I)or6 metal are m»)st accurately samj)led by taking 
just after thorough stirring and immediately before ixniring several dip .samples 
of about 3 grams each with graphite ladles. 'Fhc nudal is allowixl to C(X)1 in the 
ladle or may be granulateil by pouring into warm wat<*r. When the lot of bullion 
is large, samples are taken at definite and regular intervals throughout the ladling 
jM‘ri«Hl. Kxc<‘pt in the case <»f bullioji of a liigh degree of fineness, sampling by 
drilling or by cutting chips from the corners of bars is not as satisfactory as the 
methods descrilxjd. 


Ores: 


References on tiie Subject of Sampling 


WetMlriclgc, 'IVchiiical I*;iper .SO, Rureau of Mines. 
Clsirkson, J. Soc. Chcin. Ind., 1894, 214. 

Hrunton, Trans. Am. Inst. Min. Kng., 25, 826. 
Brunton, Tran.s. Am. JiLst. Min. Eng., 40, 567. 
Richards, Ore Dressing, Vols. 2 and 3. 
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Copper Bullion: 

Kcllor, Bulletin 122, Bureau of Mines. 

Wraith, Trans. Ain. Inst. Ming. Kng., Bull. 39, 209. 
Keller, Kng. and Min. J., April 6, 1912. 

Smoot, Kn^?. and Min. J., June 22, 1912. 

Liddell, Eng. and Min. J., Nov. 12, 1910; Dec. 10, 1911. 

Lead Bullion: 

Roberts, Trans. Am. Inst. Min. Eng., 28, 413. 

Gold or Silver Bullion: 

Rose, Metallurgy of Cold.” 

Dewey, Am. Inst. Min. Eng., 1909. 


FURNACE OPERATIONS 

The several furnace operations employed in assaying havc^ for their object: 

(1) To eliminate in j)art or entirely from the material undergoing assay, organic 
matter and such elements as sulphur, arsenic, antimony or selenium when present in 
sufficient quantity to cause excessive reducing effc'ct in th(‘ crucibk* fusion, interference 
w'ith decomposition, mechanical or other loss by either method of fusion. \Vhen the 
operation does not cause greater loss «)f values than its avoidance by skillful fluxing, 
elimination by combustion or roasting is ])racticed. 

(2) To produce such conditions that the greatest cjuantity of gold or silver in the 
material sulijected to assay can through their affinity be concentrated in molten lead. 
This is brought about by two methods. 

a. By the crucible method, the material is mixed \yith no larger quantity of re- 
agents called fluxes than will form, with all its basic or acid constituents at a moderate 
temi)erature, compounds of the greatest degree of fluidity. Simultaneously with the 
progress of the fusion, lead, generated from lead oxide by an add(*d reducing agent or by 
the property of the material itself, i)ercolating the fluid, collects the precious metals and 
also some portion of such other constituents which combine or alloy with lead under 
the conditions of the fusion. 

b. By the scorification method^ the material, in contact with a relatively large 
mass of lead in shallow ilishes called scorifiers, is decomposed and fluxe<l chiefly 
I )y lead oxide, the gn'atcr i>art of which is formed by the action of atmosphere on the 
molten kiad. ^\’hen the proportion of volume of material or flux is not too great, 
the fluid slag collects about the sides of the scorifier leaving the surface of the J(‘aa 
exposed to oxidation, which maybe allowed to progmss until the increasing proportion 
of slag covers the lead. The jirecabus metals aiid a portion of other alloW‘'^b!e 
metals in the charge are collected by contact with the molten lead. During scorifica- 
tion, elements forming readily volatile oxides such as sulphur, arsenic, and selenium 
are in process of elimination in the form of vapor, while the elements -iron, manga- 
nese, antimony, zinc, cobalt, tin, nickel, cadmium, copper, bismuth, selenium and 
tellurium — when taken up in one form or another by lead during the fusion period of 
the operation, arc carried into the slag at rates which dc]x;nd in ])art upon the property 
to oxidize characteristic of the clement, in part upon the concentration of the clement 
in the lead, aiul in part on the proi>ertics of the associated elements. 

(3) To procure with the least loss of gold and silver their alloy with lead in the 
form of a k^ad button which can be cleaned of adherent slag and is of suitable size 
(10 to 20 grams) and sufficiently free of base elements to make possible by the operation 
of cupcllation, the production without greater lo.ss than if the base elements were 
alxsent, of a silver-gold bead of normal purity. Size of button is controlled in scori- 
fication by observation, in erucable fusion by incorporation in the charge of the proper 
amount (which is determined by trial or experience with similar material), of oxidizing 
reagents when the material has an excessive reducing property; of reducing reagent 
when the material has an oxidizing, neutral or deficient reducing property. Purit v 
of button is obtained by the scorification method by repetition of the o])eration, with 
addition each time of lead until the shade of color of the glazed portion of the scorifier 
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or appearance cir properties of the lead Inil ton indicate to the experienced operator 
the presence of impurity in less quantity than will prevent faultless cupellat ion. By 
each method the amount of metallic impurity in the button can Ixi diminished by 
increasing the proportion of litharge in the charpe. With increase of (|uantity of base 
element, its restraint from the button becomes iinpracticabhi l)y the crucible method; 
purification of the button by process of scorificatioii is therefore resorted to in all cases 
except when )>ismuth or copi)er associated with selenium or tellurium are present. 
These elements are Ix^st eliminated by a wet method. 

(4) To separate from lead whi(;h may contain a small amount of other metals an 
alloy of the precious metals in weighablc form and in a detiiiite state of purity, 99t)-998 
fine. 

Separation by cupellat ion is effected by taking advantage of the no i-siiscej)tibility 
of gold or silver to oxidation, the heat of formati n of lead and otlier metallic oxides, 
the fluid character of lead oxide at the temperature of its formation, the solubility 
of a limited amount of metallic oxides, ar'd the sparing solubility of gold and silver in 
fluid lead oxid(‘, the |>erviousness to fluid lead oxide of bone ash of about the same tem- 
perature and the imperviousness of the same material to molten gold, silver or lead. 

Consequent to the furnace operations, e\c(*pt when it is known that gold is absent, 
is the wet prticess of sc'parating in weighablc* form and in a very definite state of purity 
(997 to 998 fine) gold from silver in the bead obtaincxl by cupellation. 

The f)roc(?ss of parting de[)ends u|><jn the fact that wluni the proportion of gold 
in the alloy is not too great, silver c;an be dissolved almost coinplc^tely by hot dilute 
nitric a(*id with but small corrosive elTect u])on the gold. 

Preliminary to furnace operations, it is advantageous in the assay of some 
classes (jf mat(*rial to subject the sample to treatment by nitric or sulphuric acid with 
the object of eliminating all or a greater part of the l)ast^ elements and *)f comientrating 
the precious metals into a mass of small volume. The procedure is practicabkj when 
the character of the mat(*rial is such that the residue resulting from the tn^at merit 
does not interfere with filtration and when gold is not dissolved or liberated in so 
fine a state that it cannot be retained by a filtcT. Dissolved silver is pn'cipitated as 
chloride, bromide, sulphide or met 1. Procc»dures which introduce the feature of pre*- 
liiiiinary acid tn*atment are called combination methods. 

SlNer and gold are retained in the slag from both the crucildc^ and scorificatioii 
method of fusi( in. ^^'hell t he jiroiluct of ; ssay of slag is added to the r.‘sul‘ of the 
primary o[M’ration, tlic assay is said to lie carried out with slag correction. 

Silver and gold are carried into the cupel to a great(*r e\tent per unit of lead oxi- 
dized than into slag by s(;orification of lead containing the same concentration of jire- 
cious elements. When the silver or gold so retained is deti'rminc'd, (uther by suli- 
jecting the eupel to as.say process(\s or by check cupellation of a known and similar 
quantity of the precious metals undcT the same condii ions, and the result obtained added 
to the product of the primary operation, the assay is said to be carried out with correc- 
tion for cupellation loss. 

Corrected assay is the term applied to the result whicli includes a correclion for 
silver and gold lost into the slag and cupel. It is not customary to take aciconnt of 
the fmi'ness of the silver or gold mass, or of gold tlissolved in the o|)CTation of parting. 

Determination of gold, c*ve i when silver is known to be absent, is much more acxui- 
rately made by weighing the product of the operation of pari ing its alloy with a suitable 
proportion of silver than the gold bead resulting from cup(»llalion. Loss of gold in 
cupellation tends to d(X*rc*ase with incn^asi* of the ratio of silver jm'sent. 

The precautions taken in furnace opcTations to pniverit abnormal silver loss should 
be observed as a rule in the assay for gold only. 

Determination of silver is performed b> weighing (ho beatl resulting from cupc^l- 
lation and subtracting from this weight the amount of gold olitained from the operation 
of parting. 

Influence of quantity of sample taken for a single determination can be derived 
relatively from (Jhart Fig. 1118, which shows that the per c(*nt <if loss in the operation 
of assaying blister copper by the sulphuric acid combination methoil decreases as the 
proportion of precious metals in the charge increase's, (hipellalion has a larger 
influence ordinarily in this direction than the oix^ration of fusion. The fac*t is of 
consequence in the a.ssay of material for purchase and sale, for it is evident that unless 
(ho valuation be made on the basis of corrected sissay. or a complete understanding by 
all parties interested e.xists as to the details of the methods of assaying eiiqiloyed, con- 
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trovcrsy may arise ijocaiisc of the eonsistently higher value whieh will be put on the 
material by tlw*. asaayer who uses the larger assay portiou in his praetice. For in- 
stanee, in the valuation of blister copjjcr containing 50 ozs. silver ixjr ton, should 
assaycr A representing one party be in the habit of using 2 A/r. assay portions, his 



JO 20 30 40 50 60 70 80 90 100 

AG. M6M. 

Fio. 138. 


98.4 

valuation of the hit will be on the basis of - or 49.2 ozs. per ton, while B, who uses 

J lie .same method us A but cost omarily carries out his operations on 1 .\.T. portions, 
will report 48.82 oss. per ton, or a result about 0.8% lower than A. 


ROASTING INCINERATION 

In l{j.l)oratorio.s iierforniing many assays by combination method.s, incinera- 
tion of filters is aeeomplished by placing the scorifiers on trays which fit the shelves 
of ail oven like that of a gtts stove. The furnace muffle is, however, commonly 
employed for the purpose. Loss of particles of the charge is prevented by cov- 
ering the folded paper with granulated or sheet lead and burning slowly at a 
low teinpcjraf lire. Sprinkling the insiile of filters with litharge hastens com- 
bustion. Cjirbonaccous matter in material like reverberatory or bla.st-furnace 
flue-dust is removed by combustion in a muffle. The same matter in zinc retort 
residue cannot be removed by incineration without considerable loss of silver. 
Roasting of pyritic material is carried out on the portions weighed out for assay 
in scorifiers if the sulphur has little other metallic base than iron; in large roast- 
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ing dishes when the sulphide is timt of copper, lead, antimony or zinc. In the 
latter case, unless there is considerable earthy base or silica in the sample, stir- 
ring is required to prevent sintering, which obstructs complete oxidation. In both 
cases, at the beginning, the temperature should be no higher than is sufficient to 
start and maintain oxidation. When evolution of sulphur dioxide has practically 
ceased, the temperature may be raised to about 7(X)® C. to decompose the 
sulphates which have formed at lower temi)erature. Decomposition of refractory 
sulphates — lead, zinc, silver, nickel, may be achieved by mixing the resist with one- 
third of its weight of ammonium csirbonate and heating at about 400° C. Arsenic 
and antimony oxidize in part to volatile trioxidcs, but a portion, large if the 
temixsrature is high or draft strong, liecomcs changed to higher oxides which form 
with metiillic bases salts stable at higher temperatures. Those salts tend to 
increase the slag loss of silver in the fusion stage of the assay. Hy mixture with an 
C(iual volume of [lowdered charcoal and roasting again at 550“ to 000° C. in a 
muffle with reduced draft, the quantity of arsenic or antinion}' is diminished. 
Several rciietitions of the reducing and oxidizing process may be recpiired to bring 



Fia. 139. 

about complete elimination of the objectionable elements except in the case of 
copiier arsenate, on which charcoal has little reducing action. 

Because rtiasting takes up muffle space, requires considerable attention in the case 
of ores containing much other base for .sulphur than iron, and is usually attended 
by some loss, esiiecially of silver, its practice is limited to the assay of pyrites 
or pyrrhotitc ores which contain very low gold and silver values. 


ASSAYING FOR GOLD AND SILVER 


745 


CRUCIBLE METHOD OF FUSION 

This operation may be performed in a wind or crucible furnace, but best in a 
muffle. If the furnace is to be used for crucible fusion alone, the muffle need have 
a single draft hole only in the top. Although the operation is less subject to 
irregularities when carried out in a muffle tight to the products of combustion, 
satisfactory fusions are made in gas or liquid fuel furnaces from which the 
muffles have been removed. The most convenient shape and size of crucible 
to miiffle fusions are the 5, 10, 20 or 30 grams, Colorado form. The 10 and 
sometimes the 5-gram crucible is used for fusion of filter paper residues 
from combination methods. The 20-gram is used for J A.T., the 30-gram crucible 
for 1 A.T. ore portions. The cinder from roasted fine pyrite mixed with water 
makes a gootl paint for marking crucibles or scorifiers. 

Litharge melting at 838° C., i.s a basic flux, an oxidizing and therefore desulphuriz- 
ing aget't it is the source of metallic lead for collecting the precious metals. With 
borax it forms a very fluid glass. Its functions are expressed by the following 
reactions: 


2Pb()+Si02 =2Pb() SiOa 

PbO f NajCOs f S02 = Na2.S04+Pb-|-C0* 

ZnvS+3Pb() =-ZuO+;iPb l-SO, 

.XgaS +2Pb(l = 2Pb.\g +St)* 

PbS l-2Pb() = 3Pb +S(b 

Letid oxid<! dissolves metallic oxides, 
of this proiKirty. 


C+2Pl)0 = 2Pb-i C()2 
ShiSa +OPbO = 9Pb +Sb,Oa +3SO* 
SbA+OPb () - Pb,Sb2+.3S02 
2Cu.aS H-7PbO =2( hiO | f^U2(>+7Pb+2.SO, 
Sl)2-l-3Pb( ) = SI>2(>,+3Pb 

'Hie following table ' shows the extent 


Per one i)art of 

l’art.s of litharge re<iuircd . . 

Per one part of 

I’arts of litharge recpiired. . 


tUiiO 


ZnO 

Fc *;,04 

1.5 

1 .8 

8 

4 

SbO-3 

Asgt Is 

A,S2()3 


5 

0.8 

1 



Fe..<>3 MiiO 

10 10 


SiiOi 

13 


Sl) 2()3 is very soluble in litharge. 

Five huiulrcd grams of lead oxide shotdd contain no gold, less than 0.0005 gram 
silver, and no bismuth. According to the amount of litharge used, such silver as it 
contains should be deducted from the weight of the l^ead in the assay of material in 
which the normal range of assay error is measured in hundredths rather than tenths of 
an ounce. 

Floated silica, analyzing over 95% SiOa, and so fine that 90% will pass a 200-me8h 
screen is an excellent and easily obtainable form of the reagent. Silica in the form 
of powdered gla.s8, averaging 70% to 75% SiCh, is an acid flux. Its addition to a basic 
charge should lx; limited to the formation of a slug which is less than a bisilicate. 

Borax glass, Ka-^O - 211803 , melting at 878° C., maybe considered an acid or basic 
flux. As an acid flux, it comliines with the metallic oxides to form a very fluid slag. 
As a ba.sic flux it may lie employed in the assay of acid ores, with a value nearly 
equal in weiglit to that of litharge. 

Soduim carbonate, anhydrous, melting at 849° C., sodium bicarbonate which com- 
mences to decomijose at 270° C., and potas.sium carbonate, anhydrous, melting at 
i)09° are basic fluxes. Sodium bicarbonate in its decornfiosition and reaction with 
silica liberates three times as much gas per unit of base as the normal carbonate. 

* Hofmon, “Metallurgy of Lead." 
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By some assayers this property is eonsidered a virtue on account of the stirring-up action 
on the charge. Jn the use oi bicarl)ona(e the danger of spoiled^ tissays due to boiling 
over and inechanicral loss through du.sting is groat. Potassium carbonate in the 
form of refined i)earl ash, is of value on account of the fluidity of the potash sili- 
cates. It is deliquescent and when dried and in form for use as a flux must be kept 
out of contact with moist atmosphere. Sodium carbonate is used in the form of 
refined soda ash.^ A mixture of e(|ual weights of soda and pearl ash is a good form 
of flux. Besides its func?tion as a base for silica in the c^harge, the alkali flux operates 
to increase the amount of lead reduced from lead oxide by a sul])hide. 

4Na2CO,+15PbO+2FcS2 = Pe.2(),+4C02+15Pb f 4Na2S04. 


By the addition of 3.1 parts of Na-iCOs, 23 parts of lead are reduced l)y 1 part of sulphur. 
In the aiisence of the alkali, the reaction would be FeS2+5PbO = FcO-|“ 2 S() 2 +fiPb, 
according to which only 10 parts of Ic^id are rediK^od by I part of sulphur. The reac- 
tion of the alkali flux with lead sulphide is like the following: 


7PbS +4Na2C ( h - 4Pb +Nii2S04 +3(PbS • NaaS) + 4 CO 2 . 


Reducing Agents. In case the charge is not of a rcdiKung nature, one of the reagents 
in the table is added in quantity which experience with the same type of material, 
knowledge of its composition or ])n4iminary trial indicates is sufficient to reduce a 
suitable amount of lead to collect the ]>recious m<*tals. 

The following table shiiws the approximate reducing power of the reagents in com- 
mon use: 

Grams lead reduced by 1 gram of reagent. 


22 -30 
0 -11 
4.5- G.5 

10 -15 
11.5M.5 
22 -25 
11.5-13 

1 1 - 12 


Chtircoal 

Argol (crude tartar) 
C'ream of tartar 
Wheat flour 
Sugar 

( -oal or (Hike 

("orn or laundry starch 

l^yrite (FeS 2 ) 


To aasist distrilnition or contact, witli the. largest, number of particles of litharge 
it is of advantage to iLst' an agent which is in a very fine state of division and of low 
reducing power per unit of volume. Argtd is a popular reagent. The writca* uses starch. 
A carbonaceous rcdiuring agent reacits with silicate of l(\*id with a sluggishness which 
increases with the silicate degree aliove the inonosilicate, but the pres(*nce of other 
bases, csiiecially the alkaline, operates to make the reaction more complete. 


2PbO • Si( >2 + ‘2Na20 +C = 2N:i20 • SiOa +CO 2 +2 Pb. 

Iron in the form of twenty-iHumy nails or J-in. iron wire can be used as a reducing 
agent and desulphurizing agent in the aasay of material which contains little or no 
base impurities, such as copjxjr, tin, antimony. Its functions arc expressed by the 
following reactions: 

Fe+PbS=FeS+Pb 

Fe+FeS2-2FeS 

PbO+Fe = FeO+Pb 

2PbO -SiOa +2Fe =2FeO • SiOa +2Pb 

PbS • NaaS +Fe - FeS +Na 2 S +Pb 

Potassium nitrate, saltpeter, melting when pure at 337® C., or sodium nitrate, nitre, 
melting when pure at 310® C., are oxidizing and therefore desulphurizing agents. Sodium 
nitrate is deliquescent. Either salt should be dried, very finely pulverized anci kept 
in a stoppered bottle. 

The nitrates decompose on heating, 

2KN0»=2KN02+0t; 
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and at a higher temperature, 

2 KN()* = K2O +2NO +0. 

Their behavior in fusions is illustrated by the following reactions: 

4FeS* + 1 OKNOs = 4Fe( ) +6 K 2 SO 4 +380* +5N.i ; 

4 ZnS+ 6 KN 03 = 4ZnO + 3 K*S 04 +SO 2 +3Na. 

When an alkaline base is present the reaction is 

2FeS2 +6KNO3 +Na2C02 - Fe* 0 * +3K2SO1 +Na2S(h +CO2+3N,. 

Nitrates act on metallic lead 

7 Pb+GKNO, = 7 I’bO + 3 K 20 + 3 N»+ 402 . 

i^lt, melting at 804° C., is iLsed in a thin layer as a cover over the top of the charge 
in the crucible. It is very fluid when melted and having a low gravity, floats on the 
fusion. Its function is to prevent the charge from boiling over or spaitcring. When 
moist it decrepitates and on that account may cause Joss of particles of the charge. 
It should l)e dried before use. 

Fluxing. All substances from which precious metals are to be effectively col- 
lected by crucible fusion must necesssirily be in a fine state of division, and mainly 
comi)oscd of coiniK»uiids which may l)e classified as acid or basic. Acid is the 
characteristic ajjplied to material which contains silica, free f)r combined with too 
little base to form a readily fusible substance. Bsusic is the term applied to 
mct^allic or earthy oxides, or comjMiunds which may be brought to the state of 
oxide in the process of fusion. In this form they are capable of forming 
salts with silica. These salts are defined by the ratio to each other of oxygen 
in the acid and base. By the metallurgical classification their names are as 
follows: 


Ftiniiiilii. 

Nuiih*. 

OxyKt*ii 

Lliiisi* lo Aficl. 

Example. 

4H()Si02 

Subsiliciite 

2 to 1 

4Pl)0 SiOs 

2R()Si()2 

MouGsilicatc 

1 to 1 

iAbOs-IkSiO, 

IK) SiO* 

Bisilicatc 

1 to 2 

(’a()Si ()2 

4R():iSi()2 

Sc*squisilif?aio 

2 to 3 

4MgO:i,SiO, 

2RO-3Si()2 

1 

'JVisiliciitc 

1 to 3 

2I*bO-3Si()2 


The silicates of Na20, K 2 O and PbO are readily, MnO, FeO, and CuaO, loss; 
andMgO, CaO, and AUOa difficultly fusible. To make the refractory silicates 
fusible and fluid at moderate temixjratures, the projmrtion of their bases should 
bo loss in the fusion than the bases of the readily fusible silicates. Advantage 
is also taken of the fact that the multibasic silicates are more fusible generally 
than the single of the same degree. 

A rule governing the fluxing of a crucible charge is very definitely stated by 
Fulton,! “ The mo.st desirable constitution for an assay slag, in general, is that of 
a monosilicate or sesquisilicate, sometimes, but more rarely, a bisilicate. If the 
ore is basic, a bisilicate slag may be approached, if acid, a monosilicate or even 
a subsilicate." 


! “ Fire Assaying,” 2d ed., 69. 
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To FoKM a MoNOSILICATK tub IlKtJlUIlKMBNT 


Per unit of hjisc, silica required 

Per unit of silica, base rcviuirod 

NajO 

KjO 

o.;i 20 

.3.12 

PbO 

MnO 

FcO 

0.486 

2.(K» 

0 l.i.'l 
7.40 

0.42.'> 

2.3.'> 

0 419 
2.37 


AbOs j 

CuO 

1 ZnO ! 

1 , 

CaO 

1 Mgf) 

Per unit of base, silica required 

0.886 1 

o.:m) 1 

! 0.371 1 

0.:i.')9 

0.748 

Per unit of silica, base reciuin'd 

1.13 j 

1 

2.61 1 

2.70 1 

2.64 

1.34 


A cnicihle fusion should not bo fluxed by borax or litharge alone. No 
more borax should be used than is required to combine with bases and silica in the 
proportion illustrated by the equations: 

2(Na*0, 2B,0,)+Si0, =2Na*0 • Si02+4B*0„ 

B,0, +3FeO =3FeO • B,0,. 


As a flux for silica, 6.7 parts borax will take the place and can be substituted 
for 7.4 parts litharge, 3.5 parts Na^COi, 5.4 parts NaHCOs or 4.6 parts K 2 CO:i. 
As a flux for bases, assumption of 3110, BjOj works out well in practice. 



1 

FcO 

CaO 

MgO 

1 ZnO 

J’bO 

Ucquired of borax i>or unit of 
Ijase 

0.937 

1 .20 

1.67 

1 

0.807 

0..-.02 


“ In the fusion of a mixture containing silica, various bases and borax glass, 
that silicate l)orate having the lowest formation ])oint will form anti then os the 
temiKsrature rises, absorbs cither silica, base or bf)th, as these are in excess of the 
ratio required to form the lowest formation jioint conqx)und. If the temperature 
does not rise high enough to cause this absorption, the excess of silica or base or 
both will remain in suspension in the formed silicate borate, practically in an 
unaltered condition.” ‘ 

Materials intended for crucible assay are characterized according to their 
behavior toward lead or lead oxide as oxidizing, re<lucing or neutral. 'I’he oxidiz- 
ing constituents of an ore are practically limited to Fe-jOs, Fej 04 , MnO* and CuO. 
Substances containing unoxidized sulphur, antimony, arsenic or carlK)n, t>n fusion 
with litharge produce metallic lead. When an arsenide is present with iron, 
nickel or cobalt a brittle fusible substance called speiss will be found in the crucible 
above the lead. Also when iron is present and the quantity of litharge has not 
been suffleient to oxidize all the sulphur, a sulphide compound of iron and 
lead called matte will be found above the layer of speiss. When the silver 
content of the ore is small, the ore can be roasted in the manner already 
described. The roasted ore then as a rule lie(!om<w oxidizing in its behavior. 
To obtain a lead button of suitable size, knowledge of the oxidizing power 

® Fulton, “ Fire Assaying,” 2d ed., 64. 
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of the ore is obtained from experience or by trial assay. Having once determined 
the reducing power of the reducing reagent, for instance starch, by fusion of its 
intimate mixture with tlio cliarge without the ore, ^ A.T. of the ore is roasted 
and then fused with .50 grams litharge, 2 grams starcli, accurately weighed out, 10 
grams soda ash and S grams silica. A tliin layer of borax or salt covers the charge 
in the crutable. If the reducing power of the 2 grama of starch is known to be 22 
grams and only 15 grams of lead are produced by fusion of the ore, the oxidizing 


power of the ore is equivalent to 


2(22-15) 

22 


=0.636 gram starch per half A.T. 


2.636 grams of starch therefore should be used to obtain a 22-gram button. 

Since roasting causes inappreciable loss as a rule only in the case of material 
of low silver value, oxidation by addition of nitre to the fusion is the more generally 
practiced. Theoretically the oxidizing value of 1 gram of KNOa is 2.39 grams of 
lead according to the reaction 


7Pb + 6KNO, = 7PbO -H3K,0 +6N +80. 


The reducing power of Vn A.T. of the ore is determined by trial fusion with 
60 grams of litharge, 5 grams silica, 7 grams NaaCOa and borax cover. Assume 
the product is a button weighing 16 grams. A fusion may then be made with 
the same charge but with 1 gram of nitre added. Assuming the product of the 
nitre fusion to bo 12 grams, then the oxidizing power per gram of nitre is 16—12 
or 4 grams under the conditions of the fusion. If the assay is to be made on a 
I A.T. portion and a 25-gram button is desired, then (16X5)— 25 =55, and 
5“- = 13.75 grams nitre to be added. When sulphur is o.xidized by nitre, care 
should be taken that sufficient NaaCOs is in the charge to carry out the reaction: 


6KNO,+Na/X),+2FeS, =Fe. 0 ,+ 3 K^S 04 +Na,S 0 «+ 6N+CO*. 


'Fhcoretically the quantity of Nn*COj required is 0.84 of the sulidiur present 
or 0,175 of the nitre used. 

The oxidizing power per gram of nitre, when sufficient Na 2 C 03 is present, 
ranges from the equivalent of 4.7 to 5.6 grams lead in a litharge soda charge and 
4.0 to 4.2 grams in a charge containing so much silica that little of the alkaline 
luisc is left to form a sulphate. 

In practice, the re<iuiremcnt of quick rc.sults does not always iicrmit of trial 
assays for determination of oxidizing or reducing power. Estimation of the re- 
ducing value of sulphide ores can be made by experience gained by observation 
of the proportion of heavier sulphide to gangue on vanning a dehnite weight of a 
s:imple in a shovel or {wrcclain spot plate. 

Instead of weighing out each of the fluxes at the time of dressing a crucible, 
it is the practice to make up for each type of ore a stock mixture of all or jiart of 
the reagents adapted to its assay, and to measui'c out the flux with a graduate. 

Oxidizing and reducing reagents, when not iiicor{>orated in a stock flux, arc 
weighed out carefully. 

The following are examples, the first from Fulton • “ Reducing flux designed 
to give a 22-grain button with a neutral charge: 


1 “ Fire Assaying,” 150; Uawlcy, Eng. and Min. Jo., 80 , 1122; 90 , 647. 
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Grams por | A.T« 


PbO, 15 parts 60 

Na.COj, 4 “ 16 

Borax, 2 “ 8 

Flour, 0.44“ 1.76 


“ A Bcoopful of flux weighing 84 grams is u.se(l per j A.T. 

“ Non-reducing flux to l)e used in connection with nitre for sulphide ores 
which will give a button larger than 22 grams. 

Grams per J A.T. 


PbO, 15 parts 60 

NajCOs, 3.5 “ 14 

Borax, 2.5 “ 10 

Silica, 0.5 “ 2 

Nitre As retiuired 


“WVvcu sulphide ores are assayed which do not contain sufficient sulphides 
foT a 22-gram \nitUm, the reducing and non-reducing fluxes are mixed in sueli pro- 
portion as to olitain the desireil result. Ore :hC.4 grams; non-reilucing flux 50 
grams. This is run in a 10-gram crucible. This charge will give a lead button 
weighing as much as the nitre necessarj' to oxidize all the suliihides in a 0.5 A.T. 
portion of the ore. Place the lead button obtained in one scale pan of the pulp 
scale and from the hook aljove the other suspentl by fine wire a weight so that tlie 
wire amounts to 6 grams. Then add nitre to the pan having the 6-gram weight 
until the scale is in balance. The amount of nitre is the proper quantity neces- 
sary to reduce a 22-gram button with the ore and the non-retlucing flux is 0.5 
A.T. be taken for assay.” 

The following stock fluxes are used by a well-known New York firm of assayers. 

No. 1 flux for free acid ores without much sulphides or reducing agents. 



Lb8. 

% 

Grariis per A.T. 

Soda ash 

6i 

22.8 

31.9 

Pearl ash 


8.8 

12.3 

Silica 

2h 

8.8 

12.3 

Borax glass 

4 

14.0 

19.6 

Litharge 

124 

44.0 

61.6 

Argol 

4 

1.7 

2.4 


Use 140 grams per A.T. of pulp. Argol may lie increa.sed ns the individu.al 
charge requires. 

No. 2 flux for Imsic ores without much sul])hate or other reducing agents. 



IJls. 

% 

Gmiii-s per A.T. 

Soda ash 

5 

24 

4'. 

17.2 

18. « 

24.1 

1 O /I 

Pearl ash 



Borax glass 

4 

1 0 . • J 

13.8 

4'^ 1 

. f 

10 

Litharge 

124 

1 . o 

Argol 


uu . o 

O A 


3 

L . li 

A . 4 
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Use 140 grains per A.T. of material. Argol may be increased in the individual 
charge. 

No. 3 flux for heavy copper sulphides containing but little silicious matter. 



Lbs. 

% 

Pori A.T. 

liitharfi^o 

40 

84.2 

252.6 

iSoda ash 

31 

7.4 

22.2 

Silica 

4 

8.4 

25.2 


Use 200 to 300 grams flux jxjr I A.T. of pulp, kws for lighter, more for heavier 
sulphides. Reduce the very largo lead button weighing IK) to 120 IKs. by 8cori> 
fication. Varying mixtures of No. 1 and No. 3 are employed for sulphides ores 
carrying (!onsiderable sili(!a. High grade litharge free of bismuth is essential. 
Sfxla jush is the ordin.ary high test commercial variety. All ingreflicnts should 
be finely iH)wderc(l and thoroughly mixed by repcatodl3' passing the flux tlirough 
a coarse screen or by turning a mixing cylinder. 

Bi' the following method ‘ a large excess of litharge is supplied to dissolve or 
prevent reduction of metal oxifles. Because the silver lo.ss into the slag tonds to 
increase with excess of litharge and volume of the slag, the method is applicable 
to material which contains coj^iM^r or other metals in sinJi quantity that repeated 
scorification is re<iuiretl to com])letc their removal when a less proportion of litharge 
is used. 

The type of charge per cnicible usually is: 


Ore 0.25-0.5 A.T. 

PbO 8-10 “ 

NajCOs 12 grams 

SiO* 10 “ 


Nitre or reducing agent in quantity sufficient to obtain a 20-gram button. 

Fro[x)rtion of PbO to assay portion is increased or diminished according to 
experience with the kind and quantity of metal which is to be kept from the 
button. 

The iron nail method is applicable to sulphur-bearing ores which do not con- 
tain much copper or other impurities alloyable with lead. 

Since iron reduces PbO, the amount of litharge in the charge is limited to 25 to 
30 grams. The slag should be below the monosilicate and the charge should be 
sufficiently high in soda to make certain the completion of the reaction 7PbO -pFeSf 
+2NaaC03 =7Pb-f2NajS04+Fe()+2C0s, else matte will be formed. When 
arsenic is present the temperature should not be above 1050° C.,< else speiss may 
form. A typical charge is: 

Grams. 


Ore 0.5 

NaiOOs 20 

PbO 30 

SiO* 2 

Borax 8 


Iron equivalent to three twenty-penny nails is introduced in such a form and 

* Perkins, Trans. Am. Inst. Min. Eng., 81, 913. 

* Pulton, “ li'ire Assajdng,” 122. 
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for the crucible, 0.2 oz. pulp, 12 grams KtCOj, 12 grams NaiCOj, 6 gnuns bon^, 
60 grams litharge and 1 gram of flour. “ Those are mixed by rolling in a rufaliw 
cloth, transferred to a crucible, covered with borax glass and heated to a medium 
red heat for twenty minutes. The door of the gas-fired muffle Is then shut and 
the crucible heated to a bright yellow for thirty minutes.” 

The following are efficient charges employed in the process of corrected assay. 
Because calcium phosphate is not decomposed by the fusion, it is necessary in 
tho assay of the cupel that it should be very finely iJowdcred — ^no coarser than 
120 mesh. 




Siitiirntf'cl Portion 
of Cuppl. 

Material 

100 parts 

25 “ 

1(X) parts 

1(X) “ 

L^ithargi^ 

Soda 

10 

40 “ 

Borax 

5 

75 “ 


Reducing agent, suflRoiont to produce a 20-gram button, is added and thoroughly 
mixed with each material while it is being imlverizcd. Salt, is used for cover. 
The fusion of the cupel j)owdor shouhl Ims finished at a high tcmpcirature. The 
button from slag containing eoj)per, antimony, tin, nickel or cobalt may require 
scorification with addition of lead lieforc it becomes suitable for cupellation. 
Purification of the lead button may also be aecomplislmd by melting it in a crucible 
or scorifier with litharge sullicient to cover it and a pinch of silica or borax. 
When the slag is fluid, the crucible is given a rotary motion, cither within or 
without the furnace. This treattnent is continued at intervals for five to ten 
minutes before i^ouring. 

In the conduct of the crucible method, it is of extreme consequence wlien the 
material is neutral or oxidizing in its action that there should bo very intimate 
mixture of the assay portion with the reducing agent and with litharge. When 
reducing in action, the finely pulverized nitre should be thoroughly mixed with 
the assay portion. 

The operation of mixing is conveniently accomplished by use of a 10- or 12-in. 
pKircelain mortar with glazed inner surface, or by rolling on a 30-in. square piece 
of smooth rublxir cloth. Soda should be well nu.\ed with the charge but not 
necessarily so intimately as to lose its identity. Silica and borax may be roughly 
mixed. The use of a cover of salt or Imrax is of advantage in all fusions in which 
much gas, COj, CO, SO* or 11*0 is liberated. 

Salt is not recommended as a cover of charges high in silver or gold. If 
the crucible is heated too slowly, the greater part of the lead may be reduced 
and run to the bottom of the crucible Ixjfore complete dccom)>osition of that 
constituent of the ore which carries the precious metal has taken place. When 
licatcd too speedily, that compound of base and borax with the silica of the ore 
which lias the lowest formation jxiint will sink to the bottom of the charge, 
leaving a pasty, unbalanced charge above. Moreover, evolution of the gases 
may not only cause mechanical loss, but on account of their expulsion liofore the 
material undergoing assay is entirely decomixiscd, the effect of their stirring 
action is lost. 

Fusion. As a rule it is good practice to place crucible into a muffle whitih is 
at alxiiit 850 to 900“ C. The introduction of the crucibles cool the furnace to 
about 550 to 600“ C. Without altering the Kite of introduction of heat to the fur- 
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Hftoe, the flow of heat to the crucible charge continues until at the end of twenty- 
five to thirty minutes evolution of gas ceases. The fire is then urged for ten to 
fifteen minutes until a temperature of about 1100** is reached, when the crucibles 
ate withdrawn from the muffle and poured into a dry, clean, shallow-bottomed or 
conical mould. The slag should b< very fluid and free of any evidence of unde- 
composed ore. If the slag is pasty, he necessity of modifying the flux is indicated. 
If the nature of the flux is such inat the crucible is very much corroded, it is 
good practice to pour off most of the slag and permit the lead, covered with slag, 
to solidify in the crucible. 

SCORIFICATION 

Scorification is most cfliciently carried out in a muffle .sealed from the 
products of combustion and having a rectangular oixsning in the back nearly the 



Fio. 140. 

full width of the muffle and about on the level with the top of the scorifiers. The 
opening should be connected with a flue pipe fitted close to the furnace with an 
easily controlled danifjcr. The draft he.ad from a chimney 10 ft. in height is 
effcctiv’^e. The life of a muffle is pr<i!ongcd by a layer of bone ash or silica sand 
over its floor and by adcciuatc support of the entire bottom. Mixture of 1 part 
fire-clay with ;i"4 parts silica sand serves well to lute the muffle to the furnace. 
Alundurn cement is better for filling cracks in the muffle. 

The best form of scorifier is the Bartlett shajie. The nearly flat lx)ttom of 
this type gives room for a larger accumulation of slag about the molten lead 
than a rounder bottomed scorifier of the same diameter. The sizes of scorifier 
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commonly employed are the 2, 2i, and 3 inch. For the fusion of ore or otibisr suite*' 
rial, when it is of advantage to use as large as possible charge of eiteer ijisay' 
portion or of lead, the 3-in. size is employed. For the fusion of filter papw nsidii^ 
from which a moderate quantity of impurity such as copper, silica or iron, is to 
be removed, the 2§-in. size is adapted. The 2-in. size is used for filter paper 
residue of small volume, which contains so little impurity objectionable in the 
process of cupellation that only short scorification is required. 

Moisture and esiKJcially salts absorbed by a scorifier will cause spurting of the 
lead during scorification. For this reason, scorifiers should be kept dry, and those 
intended for reception of moist substances should be first glazed with lead borate 
or silicate, or lined with a single sheet of lead foil. 

The rpoRcnts used arc limitccl to granulated test lead, sheet lead, borax glass, 
.silica and litharge. 

Granulated lead is cotninotdy of such degree of fineness that 50% or more will pass 
a 00-innsh sen'on. The sheet lead most generally used weighs l.t5 to 1.75 grams per 
square inch. The amount of gold in 500 gnuns of lead imuuld be and generally is 
unweighable. \\’hile the lead should contain no l)i.smuth or silver, it too frequently 
carries as imi**h as 0 00.5% of hisinut h, and 0.0002% of silver. Tne silver content 
should be known and cormetion on account of it should be applied to results from 
inaterial, the assay error of wliich is measured in hundredths rather than tenths 
of a millignim. 

Borax glattit alone is always used as a flux for silicious inaterial. Silica alone is used 
in all n'scorifications. A mixture of equal parts of borax and silica is used to flux 
basic charges. 

Litharge mixed with the assay portion of any refractory material increases the rate 
of its decomposition. 

The .scorification method Is especially applicable to the fusion of filter paper 
residue in combination methods of a.ssaying, to gold or silver ores and to coji- 
jK'r or lead refinery by-pro<lucts which are so rich that 0.1 or 0.05 A.T. con- 
stitutes the tost portion, and to the assay for gold in material in which gold 
is less and silver more accurately determined by combination methods, such 
as some high copper ores, furnace and refinery products. Scorification is 
employed to purify load, either as sample or the product of the crucible fusion, 
of impurities which are objectionable in the proccs.s of cupellation. The scorifi- 
cation method of fusion can be applied to low-grade silver-and gold-bearing 
siliciou.s material, but usually gives the lower re.sult and requires more furnace 
space and attention of the operator than the crucible method. Of such material, 
it is the practice to make fusions of portions of 0.1 to 0.25 A.T. each, and on the 
single button or on combinations of the buttons, with or without addition of more 
lead, second, third or even fourth scorifications are made until a button of .suitable 
purity and size is obtained which represents 0.5 or 1 A.T. 

The size of charge and detail of method of manipulation to produce the button 
for cupellation in the assay of any single type of material deiiends upon the size 
and shape of mufllc and .scorifiers, and the (juality of draft. For instance, with a 
inuflle of (■) ins. or more of inside height, having a draft hole and flue area 
10-12% of the area of cross-.section of the inside of the mufllc, it is jHissible to 
scorify at the back of the muffle without ]x)uring olT the slag 00 grams of lead 
in a 3-in. Hartlett-.shaix!d scorifier of American manufacture, to a 15- to 2()-grain 
button. While a 30- to .50-gram button will be the product of the scorification in 
a muffle of such low form that it is diflicult to keep the surface of the slag cool, 
or in one unequijqxid to maintain a rapid- rate of oxidation, or in a scorifier of 
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or of the same diameter but of a shape which docs not provide 
t/Stfiy‘§or Meuiuulation of slag before the lead becomes covered. 

13i 6' ratio of weight of assay portion to that of lead is limited by the specific 
wliime ot the material and by the characteristic solubility of the actual and 
potential bases and of silica by leac' oxide. 

The volume of the assay port m, except in the ca.se of material which is 
wholly metallic, when mixed intimately with one-half of the charge of granulated 
lead, should be no greater than can be covered by the remainder of the charge, else 
a part of the assay portion may adhere to the side of the scorifier out of contact 
with the slag. The assay portion should be no greater than will be completely 
dissolved by flux and lead oxide during the first few minutes of the scorifi- 
cation with formation of much less volume of slag than will cover the molten 
lead, else particles of the assay portion may float to the side of the scorifler 
and will remain undecomposecl liecause out of reach of the iK)rtion of the slag 
which is in active circulation. In the dry or “ all-fire ” assay «>f metals alloyable 
with lead, the proportion of the assay portion and the concentration of metals 
during ihe first or succeeding scorifications should bo no greater than will allow 
of the ready solution of the oxides by lead oxide at the rate of its formatic)n, else 
a solid scum of oxide may form over the lead, preventing further scorification ; or 
the oxides may aggregate in pasty lumps which tend to retain values in 
the slag. Oxidation of the metals progres.ses in approximately the following 
order: iron, zinc, tin, arsenic, antimony, lead, cobalt, nickel, copper, bismuth, 
selenium and tellurium. It is sometimes impracticable to eliminate completely 
the last three elements from lead by pr(»cess of scorification. Becau.se of their effect 
on the bead obtained by cupcllation, whenever consistent assays for silver are 
sought, they are best removed from the lead button by the method described on 
page 772. The presence of selenium una.s.sociated with other colored oxides is indi- 
cated by a ruby-colored slag. Tellurium gives a dark stain over the liottom f)f the 
scorifier. Antimony is indicated by orange-yellow patches on the scorifier. 
Iron gives a reddish brown, cobalt a brilliant blue and nickel a light-brown 
color to the scorifier glaze. Copiier is oxidized comparatively slowly by scori- 
fication and the progre.ss of its elimination by reiieated scorification is indicut>ed 
by the shade of the green glaze on the .scorifier. When the concentration of 
copper in the lead has been reduced to such an extent that the lighter sluulcs 
of green are obtained, the exjjerienced oi)erator is able to judge by observation 
of the size of button and the depth of color of the scorifier how much lead is 
required in the charge for final scorification, and when the button is sufficiently 
free of copi>er to permit of cui>ellation. A 10-gram button suitable for cupellation 
should be from a scorifier which is no darker than a very light apple green; a 
20-gram button may be from a somewhat deeply shaded scorifier. If too little flux, 
silica or borax is supplied to a scorification, the scorifier is apt to be so deeply 
corroded or pitted that lead will be retained, while if too much borax is added the 
slag will be so viscous as to prevent aggregation of the particles of lead. 

Silica, if unmixed with the assay portion, may lie added in moderate excess, 
but may give some trouble in pouring. It is not uncommon practice to make 
a poor batch of scorifiers usable for as.say of basic material by tamping a 
layer of fine silica over the bottom of each dish. In the assay of basic or 
acid ores or furnace products, as quick fusion as possible should lx> made. The 
scorifiers are put into a muffle having a temperature between 1050° and 1100® 
C. and the door and damper are closed tightly until (within ten minutes) the 
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scorificrs arc of the same temperature as the muffle. The door aod^daiopw we 
then opened and by regulation of the means of supplying heat, the scoiiwatioA 
is conducted at as low temperature as is practicable, until experience infficatee 
that the buttons are of the size desired. The temiKjraturc of the mufEie is then 
raised by closing the door and urging the fire for several minu^, when the in- 
tents of the scorifiers arc poured into .shallow iron moulds. Pouring with certainty 
of not shotting the slag is made easy of accomplishment by use of a mould no 
deeper than will ju.st hold the contents of the scorifier, tongs with a very short 
prong on the pouring side and a motion which introduces the greater part 
of the slag a distinct interval Ijefore the lead is allowed to flow without 
much drop into the middle of the mould. When the scorifier remains in 
the furnace for .some time after the lead is submerged, the slag becomes 
pasty and tends to cause more or le.ss loss of lead in pouring. Thickening of the 
slag through entrance of the constituents of the scorifier is also brought about 
even before the lead is closed over, when the scorification is carried out at too a 
high a temperature or under any condition which causes corn)sion of the scori- 
fier at a greater rate than the production of the tjuantity of lead oxide requisite 
to keep the slag fluid. 

Rescorifications to purify or concentrate the buttons are made at as low lem- 
perature as possible. Scorification of filter paper residues containing little else than 
gold and a silver precipitate may 1x3 commenced at a low temperature, but such 
as contain .sulphur in any form should be started at a high lemperature, else a 
portion of the sulphur oxidizing to SO4 forms with the bast; of the borax flux, 
so<iiutn .sulphate, which may cover the lead and prevent oxidation of the sulphur 
which has combined to form lead sulphi<le. 

Placing powdered charcoal on the surface of the slag before raising the tem- 
perature to jKJur, is not an effective nietlnxl of cleaning the sl.ng or of making an 
assay with slag correction. Because it introduces a factor lik(*ly to be personal 
and not wholly under control, the practice is not good in the appraising assay of 
commercial material. 

Type Schemes. The following are illustrative of the details of manipulation 
of the scorification method of fusion, purification of lead anti pre])aration of the 
button for cu^xsllation. 

Cohalt, Nickel Silver Ore. For each test of an ore coni aining over 2(XX) to 4000 oz. 
per ton, a button representing i A.T. is cuiH‘llcd. For eacli test of an ore containing 
1000 to 2000 oz. i)er ton, a tmtton representing J A.T. is cui>elle(l. For each test of 
an ore (x>ntaitiing lesss than 1000 oz. a button representing I A.T. is cupeIlo<l. For 
each test of the inetallie scale, which is quite pure silver, a button miiresent ing bo A.T. 
is cupt'Iled. Of the 2000 oz. ore, -J A.T. is weighed out and mixed on smooth paiH^r or 
rublx'r cloth with W grams of finely granulated lead and 9 graiiks powdercid borax 
glass. The charge is distributed l)ctw<5en three 3-in. scorifiers and each portion is 
covered with 30 grams of lead. Scorification, commeneiiig at a high temperature, is 
continued at a low teinrxirature until 15- to 2()-gram buttons an.3 produced. The buttofis 
arc combined in a single .3-in. scorifier, and mscorificfl to proiluction of a 15- to 20-gruin 
button wliich represents J A.T. Of the 1000 to 2000 oz. ore, } A.T. is weighed out, 
mixed with l.W grams of lead and 15 grams powdered borax, and distributed among 
five 3-in. scorifiers. The content, of each scorifier is covered with 20 grams of lead. 
After scorification to production of 10- to 15-grain buttons, all the l)utt.ons are combined 
in a single 3-in. scorifier and scorifieil to production of a 1.5- to 20-gram button. Tlic 
1()00 oz. or less ore is treated in exactly the same manner as the KMMl- to 2000-oz. grade 
with the exception that two lots of ^ A.T. each are weighed out and distrilnited among 
two groups of five scorifiers each. Tlie two buttons resulting from the second scorifica- 
tion are combined in a 2J-in. scorifier and by a third scorification a single button 



ASSAYING FOR GOLD AND SILVER 


759 


reimseatifig 1 A«T. is produced. Of the metallic scale A.T. is weighed out, placed 
in a soorifier with 30 grams of lead and scorified to production of a 15- to 20- 

uam button. It is customary in the case of nickel silver ore to re^iort results on the 
basis of assay with both slag and cupel correction, therefore all the slag in the produc- 
tion of each bead for cupellation should be collected, gn)und finely and the whole, or 
a convenient aliquot, assayed by the method described on page 754. 

Assay of Blister Copper for Gold. For each test of ^ A.T., five lots of the sample of 
A A.T. each are placed in three scorifiera and covered with GO grams lead and 2 to 3 
grams of the borax silica flux. Scorification is continued to production of 20- to 25-gram 
buttons. Sufficient lead is added to each button to make the total charge GO grams 
and each tV A.T. portion is rescorified until about 20 grams of lead remain in each scori- 
fier. From each scorificr the slag is ccanted on the shelf in front of the inuflle. With- 


out removal from the furnace, all the buttons arc combined by pouring into a single 
hot, fresh scorificr. Scorification is continued until about 25 grams of lead remains, 
the temperature is then raised, the slag decanted and the^ metal poured into a fresh 
scorifier holding 40 grams of iiioUen lead. Scorification is continued to production 
of a 15- to 20-gram button. From the shade of the scorifier and size of the button, the 
operator judges how much lead is required to be added to procure from the fourth 
scorification a button suitable for cupellation. Throughout the operation the copixsr 
should not be allowed to become so concentrated or the temperature so low that lead 


will liquate from the coppov. 

Whenever muffle space is more valuable than time saved by combining portions 
of the assay by pouring from one scorifier into another in the furnace, it is the bet- 
ter practice to pour the portions into moulds and combine the slag-free buttons. 

Copper Matte for Gold. For each test of J A.T., three lots of J A.T. each are placed 
on a layer of 30 grams of lead in three 3-in. scorifiers. The charge in each scorifier is 
covered with 30 grama of lead and 6 grams of borax-silica flux. The scorifiers are placed 
in a very hot muffle which is opened only after the scorifiers are of the same temjx^rature. 
The scorification is continued at as low temiieraturc as jiossible, until 15 to 20 grams 
of lead remains in each scorifier. The heat is then raised for three to five minutes 


before pouring. 

If the matte is very low in copper the buttons may be combined and rescorified 
to suitable size for cupellation. If the matte contains 10% to 20%; copper, the product 
of the second scorification is rescorified with suflicient lead to make the total charge, 
according to the jiulgment of the operator, 30 to GO grams. 

If the matte contains 20% to 40%, cop|K?r, each button of the first scorification is 
put into a fresh 3-in. scorifier and suflicient lead added to make the charge up to 30 
to 60 grams. The product of the 15- to 20;gram buttons of the second rescorification 
are combined and reduced to cuiKjllation size. 

If the matte contains 40% to G0% copper, the product of the third scorification 
is scorified a fourth time w4th addition of sufficient lead to make the total charge 
30 to GO grams. 

If the matte contains more than 60% of copper, each lot of i A.T. is rescorified 
twice with addition each time of suflicient lead to make the total charge in each scori- 
ficr 40 to 60 grams. The resulting buttons arc combined into a single charge for a 
fourth and final scorification to a 15- to 20-gram button. The details of the scheme arc 
the same for the assay for silver or gold in ore of similar copper content, except that 
several grams of borax are mixed with the charge to flux the initial fusion. 

Tin Concentrates for Gold and Silver. For each test, 1 A.T. mixed with 200- 
grams test lead, 100 grams litharge and 30 grams borax on smooth paper, rubber or oil 
cloth, is distributed among ten 3-in. scorifiers and each charge covered W'ith 30 grams lead. 
Scorification, commenced at a high temy)erature, is continued low until the lead is covered 
over. The resulting buttons are pounded free of adherent slag, distributed among 
2 or 3 scorifiers and rescorified. When the lead has been reduced in each to 15 to 
20 grams, the charges may be poured and the resulting buttons combined and 
scorified to a final button; or the slag may be poured off and all the lead poured into 
a single scorifier. This method is also adapted to the assay of highly silicious 
material. 

The methods described may be modified in the following details: Por purpase of 
accounting, factory, mine or mill control, or by agreement between buyer and seller, 
the button to be cupelled may represent a smaller ix)rtion; l>ecause it is difficult to 
pick from the cupel and clean very small silver beads, cupellation of a portion repre- 
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senting two or more A.T. may bo undertaken, li^on scori^n mxb <lf 

it is the letter practice to weigh out the portion designed for eacil fOOM^.fliil p^- 

the flux and lead with spatula with the charge. 

CUPELLATION 

Cupels are best made by a cupel machine from perfectly dry cupel bone ash. 
Cupels so made can be used immediately after manufacture. If water is employed 
to make the bone ash coherent, cracking is liable to occur on exposure to muflBe 
temijerature unless the cupels are dried out very slowly by allowing them to stand 
in a warm, dry sjx)t, days or weeks according to the amount of water used. When 
a brand of bone ash makes a dry pressed cupel which is inclined to crack or split, 
this tendency is overcome by admixture of the unsaturated portion of old cupels or 
of bone ash which has been heated in a muffle to about 1000® C. Bone ash 
which evidently has not been completely decarbonized should not be used, because 
complete oxidation of its content of organic matter requires that the cupels be 
kept hot for a long period before commencing cuixjllation, else spurting of molten 
lea<l will take place during the operation. When the form of the saturated portion 
of the cuiJcl shows that lead oxide is not absorbed freely, an unsatisfactory quality 
of bone ash is indicated. The bottom of the saturated portion of a well-made cufwl 
of bone ash of first cliuss quality is concave in shape, free of knobs or projections, 
and can be cleanly separated by hand, with exerci.se of little effort, from the unsat- 
uratcfl portion. The proportion of the different sizes of parti(!les of bone ash is a 
matter of conse<iuenco. Cupels made wholly of very fine particles arc apt to be too 
dense, unless moulded with so little pressure that they are so fragile, that their 
manipulation must be c«)nducled with great care. Those made entirely of coarse 
particles (through 40 and left on 00 rnesh) have such a rough cup surface that 
the cupellation loss is excc^ssive and not uniform. 

A very satisfactory cupel is made from l)one ash which contains approximately 
75*^0 of jjarticles which will pass a 100-mcsh screen and the remaining 25% finer 
than 40 mesh. 

The following shows the range of screen analyses of samples taken from 28 barrels 


of the same brand: 

Per C'cnt. 

Left on 40 mesh 0- 8.7 

Through 40 left on (H) mesh 2.2— 0.3 

Through 60 left on 70 me.sh ,3.7- 9.6 

3'hrough 80 left on 100 mesh 12., 5— 20.3 

qdirough 100 mesh 59 . 1-83 . 2 


Samides fnjtn seven of the barrels wct-scrccncd through a 200-mash sieve gave 
quantit ies of line product ranging from 42% to 58%. 

Patent and ready-made cupels, in which magnesium or calcium oxides, 
plaster of Paris, Portland cement or organic matter may enter as constituents, 
because they will survive shipment, arc of use in situations where the manufacture 
of the laboratory-moulded cupel is impracticable. W'hen silver beads of 997- 
998 fineness arc obtained from .such cupels, the cupellation loss is usually greater 
than is common from bone ash cupels of normal quality. 

The patent cupels require the higher temperature generally throughout, always 
at the finish of the operation, else freezing will take place, or beads will be 
obtained which may retain quite as much lead as will balance the normal loss of 
silver. 
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of patent cupels which preserve a smooth, hard surface after 
'wfil retain a trace of silver (0.10 milligram or less) in easily dis- 
OOV^raUeform. This amount is difficult to find in a bone ash cupel unless 
made entirdy or cup finished with a grade of very fine quality. 

While a Iwne ash cupel absorbs practically its own weight of lead in the form of 
lead oxide, it is well to make the size such that the saturated portion will not reach 
quite to the bottom. A cupel | in. in height, 1 in. in diameter is suitable for a 
12-gram button; 1 in. in height, ins. diameter for a 20-gram button; 1 in. in 
hei^t ll in diameter for a 2^gram button. 

The cup of the cupel should be perfectly smooth and free of any particles of 
loose bone ash. Such particles as may adhere may be removed by blowing on 
them. Loosening the particles by the finger may roughen the surface and increase 
the cupellation loss. 

The lead button is prepared for cupellation by freeing it all of adherent par- 
ticles of slag. Pre.sence of slag corrodes the cupel. It is pounded on a smooth 
anvil with a flat-faced hammer and then shaped into a cul)e or di.sk which will 
fit the cupel and be firmly held by the tongs. It is good practice to round the 
comers of the button. A soft, brittle button may re.sult, through the presence 
of lead oxide in its composition, from completion of scorification at too low a 
temperature. A button containing more than 2.')% of silver or gold is bril- 
liantly smooth, hard and brittle. Selenium r)r tellurium in considerable quantity 
makes the button rough, brittle and difficult to separate from the slag. A 
small quantity of sulphur will make the surface of the button scale. Arsenic 
and antimony have a similar effect. 

Operation. In a small or low-formed muflle, cupellation of only a single or 
possibly two rows of cujx'ls placed near the front can be carried out .succe.ssfully. 
When cupellation is carried out in a single row near the front, the position and 
shape of the row is determined by experience. Besides regulation of fuel supply, 
temperature of the cupel is controlled by placing scorifiers or old cupels in front 
and back of the row and by manipulation of the muffle door and damper. Large 
and small buttons can be cupelled simultaneously by this method. Because 
the action tends to increase silver loss into the cupel, a cupel should not, while 
cupellation is in progress, be moved in a manner which will cause change of 
])ositiun of the metal in the cup. In a muffle high enough to allow view of 
metal inside of a cupel placed near the back wall and of size large enough to be 
unaffected quickly by small heat changes, cui)ellation is conducted in a series of 
rows of cupels extending from close to the back wall to within 4 or 5 ins. of the 
front. To hold the heat in the front and back rows, it is common practice to 
bank against the cupels in the.se rows bone ash, old cupels, scorifiers or pieces of 
tliin brick. Some operators make it possible to do very artistic feathering by 
building a dam of bone ash several inches high near the door of the muffle to 
break and heat the current of air over the cupels. Cupellation by this method 
should be of buttons of nearly uniform size. 

Entrance of the products of combustion to the muflle retards cupellation. 

By nice adjustment of temperature previous to commencement of the opera- 
tion in a large muffle carrying many cupels, little regulation of the fuel supply is 
required. Heat effects are produced by manipulation of the mufSe door and of 
i in. thick cooling irons with 3-ft. handles. The irons are shovel shaped to cool 
the entire top of the muffle and of rectangular form to cool a single lateral or longi- 
tudinal row. During the early part of the operation heat is supplied and tempera- 
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ture raised by oxidation of the lead in the cupels. Toward the end <rf the operaF 
tion, the rise of temperature produced by moderate reduction of the rate 
of air through the muffle, together with the heat retained by the closely packed 
cup>els is usually sufflcient to produce silver beads of standard purity, when the 
cui)els are of good quality. 

Previous to commencement of the operation, to expel moisture, bum organic 
matter, decompose CaCOa in the cupels, to give them time to gain' a'teinperature 
uniform with the atmosphere of the clo.sed muffle and to permit ’'the furnace as 
a whole to acquire a condition of temixjrature and equilibrium of flow of heat which 
will allow control of muffle temperature without application of extreme methods 
of heating or cooling, the cupels in the tight muffle should be brought to and 
allowed to remain for at least ten minutes at a temperature only very little above 
that which will cause scum of oxide on the surface of molten lead to melt and be 
absorbed by the cupel material. 

“ The temperature of cupellation of pure lead buttons should be 850® C. to 
uncover the button; this may be lowered to 770° C. during the major part of the 
cupellation, but must be raised to about 830° C. near the end to finish the opera- 
tion." ^ 

The muffle damper being closed, the lead buttons are placed in the cupels in 
the order of the numbers on the scorifiers in a tray. The muffle door is closed 
until the lead in all the cupels will “ uncover " or “ drive.” Immediately the 
damper is opened somewhat. i 

The temperature of the top of the cupel is then cooled by the methods mentioned 
until the apixsarance of the margin of the molten metal within the cupel and the 
color of the mturated jjortion of the cuix;l indicates to the exiierienced operator 
that a fringe of crystalline or “ f(*atlier ” litharge is forming just above the lead. 
If the cooling is carried too far, the ciqKjl Iwconies too (lokl to absorb the litharge 
and ” freezing ” is the result. Api^roach to this condition is manifested by the 
tendency of the line of juncture of metal and cuim; 1 to af)!)^!’ indefinite. If, 
in an attempt to raise the temperature of a charge of ciqHjIs, the flow of air through 
the furnace is stopixjd, cupellation will cease because a coating of solid oxide will 
form on the surface of the lead w'hich will require a considerable rise of tempera- 
ture to melt. The operation of alternately cooling and allowing the temperature 
to rise is continued until little lead remains. As the quantity of lead and the heat 
imparted to the cupel through its oxi<lation diminishes, the temperature of the 
cupel must be increased until at the moment when the silver-gold bead is prac- 
tically free of lead, the temiwrature should be close to that at which cupellation 
was started. If the temperature is too high at this moment the silver bead will 
not at once solidify and while molten will asborb oxygen. When the bead solid- 
ifies, the oxygen is expelled with the projection of rough points on the bead and 
sometimes of particles entirely separate from the bead. The tendency to " sprout ” 
or “ spurt ” increases with the size of the beads. When a cupel is kept in a muffle 
at a high temperature for a considerable period previous to commencement of 
cupellation, the silver bead exhibits a tendency to remain liciuid at a temperature 
far below the normal freezing-point of silver. The same inclination is also quite 
characteristic of cupellation in a dense cupel of fine bone ash. When such a 
bead solidifies the expulsion of oxygen has been known to be so violent as to break 
the beads apart. When a bead is induced to become solid by taking the cupel 
out of the muffle and giving it a series of shocks, if sprouting does not take place, 

> Fulton, ” Fire Assaying,” 2d ed., 41. 
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tlw bead is often found to be hollow. Silver loss tends to increase with length of 
the bead remains in a state of suffusion. Rootlets extending into the cupel 
an' j^tettliar to beads which have been in this state. A silver bead having once 
Sofidified int its cupel does not require immediate removal from the furnace, but may 
remain for any reasonable period without loss or gain of weight, providing the tem> 
pmtiture of the cupel is not raised so high that its fringe of feather litharge is melted. 
If tike temperature is too low during the oxidation of the last portion of the lead, 
freezing ” with accumulation of unabsorljed litharge is likely to occur. Solidi- 
fication of a lead silver alloy whi<!h forms a flat dull-colored bead with smooth under 
surface and is non-adherent to th» cupel, may sometimes occur. This alloy may 
contain as much as 10% of lead. Recausc the heat of oxidation of copper is greater 
than that of lead, freezing is less likely to occur in the cupcllation of buttons con- 
taining no greater quantity of copper than is suited to the process. 

Except when the bead contains more than 20% of gold, it should be silvery 
white, globular and, when hot, adherent to the cuijol. As the ratio of gold in- 
creases, unless the cupellaiion is finished at a high temixjrature, the bead is apt to be 
dull on account of retained lead, or copper when that metal is present in the button. 

An indented bead if silvery white is not an indication of impurity, but if the 
luster is dull the presence of bismuth, coj)per, selenium or tellurium may be 
suspected. Bismuth in moderate quantity (a few tenths per cent of the lead alloy) 
is taken up by large beads to such an extent that the bismuth content may more 
than balance the excessive cupcllation loss on account of its presence. Through 
the inclination to leave particles of the precious metal on the sides of the cupel, the 
excessive loss may exhibit itself in the case of small beads. Coi)per being absent, 
bisiputh pro<luces a brownish stain under the silver l)eadand dark green rings 
about it. When a large quantity of bismuth, selenium or tellurium is pre.sent 
the surface tension of the silver bead is diminished to such an extent that it may 
spread over the surface and into the bottom of the cupel. These impurities in 
le.sser (juantity modify the appearance of the silver bead accortling to the amount 
of silver aiul the finishing temperature of the cuiiellation. In the assay for gold, 
the result obtained from parting the product of cu(x;llation of a tellurium-bear- 
ing bead is usually higher than that obtained by removal of tellurium by wet 
methods. Recupollation is of necessity occasionally resorted to in order to obtain 
a silver bead sufficiently pure to favor the production of a gold mass which can 
bo collected in the process of parting. 

The presence of a large proix)rtion of silver decreases the gold loss especially 
in the cupcllation of buttons containing .selenium or tellurium. In the assay for 
silver and for silver and gold in bismuth-bearing material, selenium, tellurium 
and bismuth should be separated by the combination method described on 
page 772. 

Copper eliminated before the last of the lead causes no abnormal cupcllation 
loss. "V^en its proportion in the lead button is large enough to extend the dark 
stain on the cufiel to the seat of the bead, but insufiicient to prevent cupcllation 
with “ feathers,” the cupcllation loss is somewhat more than normal when the 
final temperature is hot enough to bring about a bead of standard purity. But 
if the ratio of gold to silver is low in the bead or the final temi)crature is not high, 
copper may be retained in the bead in quantity sufficient to offset a part or more 
than the whole of the abnormal amount of silver absorbed. No attempt should 
be made to cupel a lead button containing a greater proportion of copper than will 
allow cupcllation with “ feathers.” Antimony to the extent of 2% may be present 
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in the lead button.* A Iarf;c quantity produces scoria and causes crackii^ of the 
cupel. The presence of antimony and any of the base metals whose oxides are 
not very soluble in lead oxide causes large and not uniform loss of the precious 
metals into the cupel because of the high heat required to start and sometimes to 
continue cupellation, and through retention of particles in the scoria of oxide 
about the sides of the cupCl. 

The presence of platinum or palladium raises the temperature of the melting- 
point of the silver-gold alloy and increa.ses the tendency to retain lead by the 
product of cupellation. The presence of but a very small proportion of either 
gives a steely hue to the silver bead. AVith increase of proportion of the platinum 
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metals and influenced by the final temperature of cupellation, the bead becomes 
flat, its ^surface dull, crystalline, rough or irregular and its color gray or almost 
black. The effect of either metal alone is similar but not exactly alike. Palladium 
shows a tendency to produce beads of less luster, darker in color and of more irreg- 
ular surface. 

Since the freezing-point of the silver-gold alloy increases rapidly with the per- 
centage of gold, care is required when the ratio of .silver to gold is less than 6 to 1, 
that the final temperature of cupellation be higler than is required to obtain a 
gold-free silver bead of standard purity. 

Loss of both gold and silver into the cupel increases with the quantity of lead 
used. Custom and convenience have made it the very common practice to carry 
out cupellation on buttons of 15 to 25 grams, resulting from crucible fusion, and 
on those between 10 and 20 grams which are the product of scorification. 
Amount of lead remaining constant, cupellation loss of silver decreases in per- 
centage with increase of quantity. Chart Fig. 141 is the product of several hun- 
dred cupellations, chiefly of pure silver, made in the course of trials of different 
brands and graded mixtures of bone ash and other experiments. The lead u.scd 
was reduced from litharge made from the best grade of test lead; 200 grams gave an 
unweighable amount of silver and bismuth. The beads assayed 996.^998 finaness. 

* E. A. Smith, "Sampling and Assaying of Precious Metals," 168. 
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Temperature hig^r than is required to produce “ feather ” litharf^c increases 
the loss <rf silver and gold. The effect, however, of temjxjrature of cupellation 
on small quantities of gold alloyed with silver is so little that ordinarily 
when the assay is for gold alone care is only taken that the bead does not 
“ spurt.” 

Weighing the Beads. Error may l)e introduced in the assay for silver through 
ladk of care in cleaning particles of bone ash from the bead. The bottom of the 
bead held firmly by pliers is scoured with a bristle assay brush Ix^fore weighing. 
Weighing of the silver bead is made to the tenth or twentieth milligram and on 
a button or assay balance sensitive to one or two hundredths of a milligram. 
In the assay of low-grade; material, appraised in large parcels, and when the accu- 
racy of the method warrants such action, weighings are made to the hundredth 
milligram on a gold assay balance. 

To check balance and mathematical errors it is common practice to weigh and 
record separately each bead and then the combination of all the beads from 
the same sample. 

Direct cupellation is applied to the assay for silver in lead, and preliminary 
assay of base and Dord bullion, when no sulphur- or scoria-forming metals and but 
a few hundredths per cent of selenium and tellurium enter into their composition. 
When such impurities are present in lead bullion, 10 grams each of lead and lith- 
arge and 2 or 3 grams borax-silica flux arc added and the test portion subjected 
to long enough seorification to produce a 15-gram button whether 1 or J A.T. be 
taken for the assay portion. 

Lead bullion which contains no impurity interfering with cupellation is cupelled in 

E rtions of | A.T. each. Each portion is wrapped in a 2-in. square of assayer’s sheet 
d which weighs about 7 warns. Cupellation is carried out under conditions which 
favor the production of feather litharge. Correction for slag and cupel loss is applied 
in the assay of lead bullion usually by direct assay of cupel and slag, but sometimes 
from the loss sustained by a similar and known quantity of sUver cupelled or scorified 
at the same time and under exactly the same conditions. 

Cupellation of base or Dori bullion is most commonly practiced to prepare the 
assay portion for the parting process, and as a convenient method of making the trial 
assay preliminary to performance of some form of the Gay-Lussac method of determi- 
nation of silver. Settlement assays for silver are, however, sometimes made on the 
purer grades of bullion by the cupellation method. 

A preliminary assay of 500 milligrams of the sample is made by wrapping that 
quantity with 15 or 25 grams of assayers’ sheet lead ana cupelling with feathers u pos- 
fflble. The experienced operator judges from the quantity of silver and gold present, 
from the stain on the cupel and from the appearance of the bead, how much copper is 
present and how much lead to add. To prevent “ spurting ” some prefer to add 
a definite amount (less than 10%) of copper to bullion which contains none. The 
suitable amount of lead to employ in the cupellation may be calculated by multiplying 
the copper present in grams by 100 and adding 2 when the copper is less than 20% 
of the bullion; multif)lying by 40 and adding 8 when the copper content is between 
20 and 60%; multi])lying by 20 and adding 14 when the per cent of copper is over 60. 
As an illustration, a 500-milligram assay portion containing no copper is cupelled with 
2 grams lead, while such containing 50, 200 or 450 milligrams of copper would be 
cupelled with 7, 16 and 23 grams of lead respectively. One or two clieck portions are 
made containing the same amounts of silver, gold and copper as were determined by the 
preliminary assay. In making up the checks, the silver weighed up in the pr eliminar y 
assay is corrected for cupellation loss by adding in the case of base oullion 1.25% to ite 
weight. Gold imder 1 % of the silver is not ordinarily included in the check assays 
when silver only is to be taken account of. 

The check and two or more assay portions are cupelled each with the same amount 
of lead at the same time and under as precisely the same conditions as it is possible 
to obtain. In calculating fineness the average of the i^ver and the gold found in the 
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assay portion is corrected by the actual loss or gain sustained by each jaedhua metal 
in the check portions. . • . mi « * 

In making the cuix'llation, conditions of temperature and_ draft whnm win aiiect 
all the cupels uniformly arc sought rather than the production of father litharge. 
The temperature, however, should not lie so high that the beads are likely to sprout. 
Less confidence is phiccd in results from check portions which show a gain t h a n m those 
which show a loss, when it is apparent that the loss is not mechanical. 

PARTING 

To the process of separating gold from silver in such form that it can be col- 
lected and weighed with certainty and facility, the action of suitably diluted nitric 
acid is better adapted than that of sulphuric acid. On account of the solubility 
of platinum in its silver gold alloy by nitric acid, parting with hot sulphuric acid 
is u.sed only when the assay is intended to include tliat metal. Except by employ- 
ment of methods of manipulation and treatment practiced in the assay of gold 
bullion, silver does not dissolve with sufficient completion from l)cads in which 
the ratio of silver to gold is less than 4 or 5 to 1. ^^'hen this ratio is natural 
to the material undergoing assay, the bead, after weighing, may be cupelled with 
several grams of lead after addition of al>out 10 parts silver. It is the better 
and more commonly followed procedure w'hen low ratios prevail, l)ecause a high 
pro|X)rtion of silver in the bead tends to prevent gohl lo.ss into the cupel, to make 
a separate assay for gold, and add about ten times as much silver as gold present 
to the a.ssay iHjrtion at some period previous to cupellation. 

Nitric ackl and w’ater u.sed in parting should be free of any form of chlorine 
or other halogen, and of the presence of another acid. The gold mass in the 
operation is .somewhat more conveniently handled if the silver bead be flattened 
somewhat. But flattened buttons containing largo amounts of gold (over 60 
milligrams) apiiear to require annealing to obtain an uniform parting loss. The 
gold mass is less liable to break up if the bead is dropped into hot than into cold 
acid. It is more apt to be coherent when the .silver is dissolved in a high than in 
a low column of acid. On account of the .s<»l vent action on gold in .sjwngy form 
by hot nitric acid of a strength approaching 1.42 sj).gr., parting solutions should 
never be allowed to become so highly concetd rated. 

The following methods are employed in a laboratory which has investi- 
gated the solvent effect of the acids and the purity of the gold ma8.scs pro- 
(luced. All the heating operations are conducted on a ?-in. copiier plate 
covered with strips of asbestos paper and heated by lateral rows of perforated 
l)ipe burners. 'Fhe gas .supply to each burner is sei)arately controlled. 'Phe silver 
bead containing less than 2 milligrams of gold is droppcul into 25 cc. of ht)t acid 
of 1.07 sp.gr. (1 part 1.42 sp.gr. acid and 6 parts water) in a 1 oz. cjusserole and the 
liquid is kept a little below the boiling-|)oiut for forty minutes. The gold nniss 
is washed with water by decantation threes times, dried and annealed by plac- 
ing the casserole over a Bunsen flame until change of color of the ma.ss. A silver 
bead containing more than 2 milligrams and less than 10 is dropped into 25 cc. 
of hot acid of 1.04 sp.gr. (1 part strong acid and 9 parts water) in a 1-oz. casserole. 
When visible action has ceased, the silver solution is decanted, the casserole filled 
up with acid of 1.16 sp.gr. and the gold mass digested for fifteen to twenty minutes 
at a temperature a little below the boiling-point. When the quantity of gold 
is more than 10 milligrams, the two-strength acid treatment is carried out in a 
2-os. parting flask. During the final treatment the acid is kept boiling gently 
for twenty minutes. After decantation of the acid liquid, flaak is filled up 
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to tbe brim with water, the brim closed with the cup of a 1-oz. casserole, the flask 
qui<Aly inverted and tapped to dislodge particles of gold from the side. The flask 
is rais^ until the brim is near the surface and removed with a quick motion to 
the side. The gold mass is then washed, dried and annealed. 

'When {flatinum and palladium arc pr&sent the gold mass is apt to break up into 
dark-eolor^ particles, coarse or very fine, according to the proportion of the plat- 
inum metals. Selenium or tellurium in the bead will also produce a similar effect. 
When gold only is to be determined, the single 1 to 6 acid treatment in a casserole is 
■ pursued; but if platinum is to bo determined the parting with 1 to 6 acid takes place 
in a flask or covered beaker. The residue is transferred to a filter, about 20 parts 
of silver added, the filter, covered with 25 grams of lead in a small scorificr. is 
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incinerated, scorified, cupelled and parting repeated. These operations may 
require refjctition several times before the coherency and color of the gold mass 
indicates absence of platinum. The presence of even 0.05 milligram of palladium 
gives a yellow hue to 20 cc. of parting liquor.* 

Gold is u.sually weighed to hundredths milligram. When the demand, the 
sensitiveness of the balance and the accuracy of the method of assay warrant 
such procedure, weighings to thousandths milligram are made. The low-column 
type of gold balance is in every way superior to the high. The weights and 
riders employed should be frequently checked by a set which has been verified 

*For methods of treatment of the parting liquor for determination of platinum 
refer to chapter on Platinum, also see article by A. M. Smoot, Eng. and Mm. Jour., 
April 17, 1916. 
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by the Bureau of Standards.^ To lessen balance and other enorB,it is common 
practice to obtain the weight of each in turn and finally afl of the gold masses 
from the same sample without removal of any from the balance pan. 


Gold Bullion. A preliminary assay of «500 milligrams is made to detcnhillie very 
closely the gold and silver content. The weighed quantity of standard silvel^ tO be added 
to make the ratio of silver to gold in the trial assay between 2.5 and 2 to L can luyndly 
be judged from the color of the gold. When the gold contains no w mitligrams 

should be added and the same quantity used in the final assay. Toe function of the 
copper is to toughen the gold silver alloy and make possible ito reduction tjjr Jewelers 
rolls to sheet form without cracking. The cupellation of the trial aswy 18 with 10 
grams of lead and at a temperature slightly al)ove that which will obtain feather lith- 
arge. The button is thoroughly cleaned with a button brushy weighed wd rolled 
into a fillet about 2 ins. long. During rolling, softening or anneahng by heating to dull 
redness may occasionally be required to prevent cracking. The fillet is finally annealed, 
rolled into a “ cornet ” and parted in a parting flask by digestion for thirty minutes 
with 25 to 30 cc. of 1.16 si).gr. acid at just under the boiling-point. The solution of 
silver is decanted and washed once by decantation, 25 to 30 cc. more of 1 to 2 acid am 
added and digestion continued for thirty minutes longer. The gold is transferred to 
a porcelain casserole in the manner already dcscril^, washed by decantation, several 
times, dried and annealed. If the attempt is made to diy the gold macs on a too 
hot plate, particles are liable to be scattered. The weight of the mid found and that 
of the added silver subtracted from the weight of the bead is closefy the silver content 
of the bullion. The silver plus the gold content subtracted from the amount of bul- 
lion taken for the trial assay gives approximately the quantity of base metal present. 
When copper is present in a bullion or alloy containing much base, it should be deter- 
mined by separate analysis. 

To two or more assay portions of 500 milligrams each are added just the amount 
of proof silver determined by the trial assay to make the ratio of silver to gold 2 to 1. 
If the base does not consist of copi)er such is added sufficient to make the total 10% 
present. One or more check portions are made containing the same amount 
of gold, silver and copper as arc in the assay ixirtions. Each of the check and assay 
portions arc wrap|x;d with exactly 10 grams of load and cupelled under precisely the 
^me conditions at a temperature somewhat higher than will produce feather litharge. 
If the bullion contains copper, the same quantity is added to the check portions. 
quantity of lead to be used in cupellation depends upon, but as in the assay of silver 
copier alloys is not in direct ratio to the quantity of copper present. The object is 
not to remove all the copper by cupellation, but to leave just so much as will toughen 
the silver gold alloy. Temperature and draft are factors which afTcct the elimination 
of copper. 

Subject to modification on account of the quantity and character of other impurity, 
the following table will in a general way serve as a guide to the quantity of lead to we 
when 500 milligrams of gold buUion are weighed out. 


Copper Present 
in Milligrams. 

Lead to Uso 
in Grams. 

60 

10 

100 

16 

150 

22 

200 

24 

2.50 

26 

300 

28 

350 

30 


The thoroughly 
cupelled with just 
If annealed at too 


cleaned buttons are rollcl to the same thickness and length. When 
the proper amount of copper and lead the edges wilF not S 
high a temperature the surface will blister and particles are likely 

Sec Circular No. 3, U. S. Bureau of Standards. 
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to fall off in parting. If the annealing is nof uniform or complete, the results will not 
agree and the value of the check assays is vitiated. The (cornets at this n<^int may be 
stamped by a small die with figures or dots indicating the note-hook re(!ord cjf the assay 
and check portions. Each cornet is then coiled into a roll with index mark outward 
and placed in a platinum capsule with perforated bottom which will fit the cornets 
not too loosely or tightly. ^ The ca];)sules set in a platinum tray which hjis an upright 
handle and rests on a platinum stand al)out 1 2 ins. above the l>ottom of a beaker. 

With some exTCrience in soldering platinum with gold and without, retpiiremcnt 
of much skill, boding apparatus with capacity for nine tests can l)e laborat,ory made 
from 17 ins. ^of 0.06*m. wire, nine strips 13 by 31 rnin. each f>f unperforateil ().()05-in. 
sheets, nine circular pieces 10 mm. in diameter and one circular sluHd. 2 ins. in diameter 
of 0.005 sheet platinum ])erf orated with 0.0()2-in. holes, 144 to tlu? srpiare inch. Kach 
capsule is a cylinder 10 mm. in diameter, 1.3 min. long, closed at tlie bottom witli 
perforated^ metal. To the center of the bottom is soldcjred a 1-in. length of 0.06-in. 
wire. This wire through a perforation holds tlie capsule upright as it rests on the cir- 
cular sheet which is soldered to a 2-in. diameter loop in the wire; the wire should extend 
beyond the loop II ins. on one side and 6 ins. or more on the other. The sheet in the 
loop is bent at right angle to the wire and two ph'ces of wire each 1 1 ins. long arc sol- 
dered to the loops to form a tripod. The wire extending aliove the frame is bent to 
form a handle over the side of a beaker and out of direct, range of acid fumes. 

Two strengths of acids are used, the first i)f ouual parts of 1.42 sp.gr. nitric acid and 
water the second of 2 parts of acid to 1 of water. The (JOO-ce. beaker, half filled with 
No. 1 acid, is brought to boiling, the frame with capsules is slowly introduced to avoid 
boiling oyer, and allowed to remain ten to fifteen minutes. Thv frame is tnken out, drained 
of the acid, dipfied in a large Ijcaker of hot water, and then introduced into a beaker 
half filled with boiling No. 2 acid. After fifteen minutes' boiling the frame is removed, 
dipped successively into two beakers of hot water, binliHl for five to ten minutes in a 
third, dipped in the fourth, drained and dried by placing in an oven or on a hot plate. 
The contents of each capsule are removed to an annealing eu]) or [lorcelain casserole, 
annealed and weighed to hundredths milligrams. 3310 actual loss or gain sustained 
by the check portion is added to or subtracted from the assay portions. The corrected 
results are calculated to parts per thousand and reportcnl as fineness. More confidence 
is placed in check assays which show a loss when such loss is known to be not mechanical. 


COMBINATION METHODS 

Copper Bullion. 33ie sulphuric ucul method when skillfully carried out gives 
results for gold in blister and rofiiied copper cquiil to thos(‘ b^'^ the all fire, and 
for silver the same as the nitric acid combination method. For each test 1 A.3\ 
is placed in a 1000-(;c. beaker of resistance glass and shaken with 5 cc. of a solu- 
tion of mercuric nitrate (mercuric nitrate solution is made by dissolving 10 grams of 
mercury with the least ciuaiitity — about 25 cc. — of hot nitric acid, making the solu- 
tion up to 1000 cc. Just sufficient nitric acid is added to keep the solution clear). 
80 ee. of 1.81 sp.gr. sulj^huric acid arc added. Some brands of blister, especially 
such as contain arsenic, dissolve best when 20 or more cc. of water arc also 
added and the quantity of mercury solution is increased. The beaker cov- 
ered with a clock-glass is placed on a very hot plate, and boiled vigorously 
for ten minutes. The temperature is then decreased so low that the accu- 
mulation of sulphur on the sides of the beaker will remain, but not so 
low as to stop (piitc copious fuming of the acid. The beaker is taken off 
just before the licpiid becomes grayish in color. This point is determined 
by expert observation of the apiK^aranco of the hot solution. The tempera- 
ture of the hot plate, size of the particles of copper, the quantity and char- 
acter of impurities in the copper, as well as amount of sulphuric acid used are 
factors which influence the time required for solution. The time will vary from 
thirty to ninety minutes. Since the gold is in a very finely divided condition and 
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a little ooi)i)or sulphide nets efficiently as an entangling agent, no attempt should 
be in ide to continue the treatment with sulphuric acid until the- clear liquid,- which 
will result from low silver-bearing copiier, indicates complete solution of co|^ 
sulphide Silver sulphide is also effective in preventing gold from pasung throui^ 
the filter, iiul in the assay of veiy high gold-l>earing copper contuning little silver, 
it is of ailvantage to add the silver re<iuireil to carry the gold with minimum loss 
through cuiK'llation to the beaker bebu-e solution rather than to the scarifier or 
cupel. After the beaker has become cold through standing on an asbestos mat, 
a littio standard salt .solution is added to precipitate the trace or more of silver 
which may be in solution. Although only a trace of silver may be dissolved it is 
safe to assume that 2*;^ of that pre.sent is in solution. At least 600 CC. of boiling 
hot water are added a little at a time while the lumps of anhydrous salt are being 
broken uj) by a stirring rod. 'I'he littuul is filtered hot through three or four 16- 
em. Xo. 1 F Swedish filter pajH'r folded together in a funnel (2} to 2| ins. in diam- 
eter) whose brim is about \ in. below the edge of the paper. During filtration 
cop|)er sulphate must not be allowed to stretch the pores of the pa|ier by crystal- 
lizing. Solution, therefore, should be maintnined by addition of hot water to the 
contents of the funnel as reciuired. I'he beaker is wiped very thoroughly with a 
piece of common filter paper. The inside of the filter is sprinkled with 15 grams 
test lead. 'I'he filler is fold<*d, placed in a 2l-in- scorifier and covered with 15 grams 
more lead. The filter is incinerated in an oven or muffle. After adding a pinch 
(about 2 grams) of borax or borax silica flux, scorification is continued to pro- 
duction of 10- to I'l-gram button. 

The nitric acid method of solution of blister or other copper is resorted to when 
the sample is in such coarse form that the sulphuric-acid method is impracticable. 
The results for gold tend to be lower than those from the sulphuric-acid method, 
partly because of the solvent action of nitric* sieid, which is esi>ceiully noticeable 
when the copper contains selenium and partly on account of the very fine state 
of the liberated jjarticles. The solvent action is hindered by alloying the copper 
with a considerable (piantity of mercury and by di.ssolviiig with weak acid. In the 
assay of coi)i)er in co.-irse form .some* heat must Im* applied or stronger acid used to 
complete the solution, but when the sample is fine the hefit of the reaction is suf- 
ficient. 

One A.T. in ,*i covered lt)(K)-cc. bcjiker is shaken wit h ."i cc. of a .solution of nitrate 
of mercury which contains 1 gram of mercury, 400 cc. forji larger amount if the 
sample is line) of water and 100 cc. of nit ric acid, sp.gr. 1 .42 are added. The beaker 
is allowed to stiind (n'crnight, and in the morning solution is com]ilctcd if neces- 
sary by heating gently on a lutt plate. An emulsion of lead sulphate is poured 
in with constant stirring until a permanent precipitate forms. Ten cc. of thick 
paper pulp is then .stirred in and the beaker allowed to stand for an hour on a 
plate sufficiently hot to promote circulation of the liquid. Filtration is through 
two 15-cm. papers of S. & S. No. 590 ciuality. The beaker is wiped thoroughly 
after toking care to transfer to the filter every trace of the mercury flour which 
sometimes forms. The inside of the paper is sprinkled with 7^ grams test lead. 
The paper is folded and plac.^d in a 2I-in. scorificr, the cup of which has been 
glazed ^th lead silicate or borate; 7J grams of lead are placed on the pajier, which 
is then incinerated. To the filtrate with constant stirring is added saturated salt 
solution— a few drops at a time— until a permanent precipitate remains. The 
leaker is heated nearly to boiling and more salt solution added in the same way 
if the precipitate first formed dissolves. When the silver has become granular, 
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digestion on the hot plate is stopped and the liquid cooled to room temperature 
before filtering through a single 15-cm. jwper of No. 590 (juality. When the 
quantity of silver is high (200 milligrams or over), the copper solution is filtered 
without disturbing the precipitate. The pre<*ipitate is washed rpiite free of copper 
by decantation. 7J grams of lead are stirred into the fireeipitate and allowed to 
remain until the appearance indicates that all the silver chloride is reduced. 
The contents of the beaker are then transferred to the filter. The beaker and 
stirring rod are thoroughly wiped with filter i)aiier. When the silver tenor of 
the sample is low, the inside of the paper is .sprinkled with 7.J grams of lead. The 
paper is folded, placed on the residue of the papc'r (Containing the product of the 
previous filtration, covered with 7i grams of lead and incinerated. Scorification 
when lead sulphate is present should commence at rather high temperature. 

Copper Matte. The following combination method of assaying iron-copper 
matte gives results for gold equal to that from any of the all-fire methods. One 
A.T. in an 1000-cc. beaker is gently boiled with IloO cc. of a mixture of 1 part 
concentrated sulphuric acid and 10 parts water. Boiling is continued until but 
little gas is given off. The solution is then filtered through a single 1.5-cm. paper 
and the residue washed with hot water twice. The filtrate is discarded. The 
filter paper and its contents are plac(xlin the Ixcakcr. Tw(*iify cc. of a solution of 
mercuric nitrate containing 200 milligrams of mercury are ixairc'd ovct the residue 
and the l)eakcr immediately shaken until all its partick's arc wed, by the mercury. 
150 cc. of water and 100 cc. of nitric acid are added and the bc.akcr allowed to stand 
for at least half an hour. The liquid is then boiknl until no fumes are given off. 
The solution is then filtered through two 15- cm. filters of No. 5S9 (luality folded 
together. The beaker is wiped thoroughly with filter i)apcr. The bulky precipi- 
tate, sprinkled with 20 grama lead, is placwl in a .‘l-in. Bartlett-shaped .scorificr 
which has been glazed with load silicate. The folded i)aper is covered with 20 
grams lead, incinerated, fluxed with 2 grams of borax and scorified to a 10-gram 
button which is reserved for addition to the scorificr containing the silver residue. 
Scorification should commence at a high tiunperature. Silver is precipitated as 
chloride and manipulated in the .same manin'r as Inis bec'n described in the nitric 
acid method for blister and refined copiier. The total charge of lead in the 22-in. 
scorificr containing the silver residue after addition of the button containing 
the gold, is 25 to 30 grams. 

On account of slow filtration, slag in matte interferes with the operation of 
this method. 

The following method of treatment of matte tends to give higher silver but 
lower gold results. To 1 A.T. in a IfKXbcc. beaker are added cautiously at first 
100 cc. strong nitric and then 50 cc. cone, sulphuric acid with beaker covered, 
the liquid is boiled until the sample is completely docinnposed and the precipi- 
tated sulphur is yellow. When the li({uid is cold, the salts arc dissolved with 
400 cc. hot water and the solution is filtered hot. The procedure from this point 
is the same as described in the nitric acid treatment of blister copper. 

Silver Slime for Gold and Silver. Each assay portion of 0.1 or 0.05 A.T. is 
wet in a 1000-cc. resistance-glass beaker with 10 cc. of a solution of nitrate of 
mercury which contains 10 milligrams of mercury. Fifty cc. of 1.84 sp.gr. sul- 
phuric acid are added and boiled for about thirty minutes. When cold, 4(X) cc. of 
hot water are added and after all salts are in solution, a solution of sodium chloride 
of approximately known silver precipitating strength is dropped in with constant 
stirring until it is evident that a slight excess has been added. The liquid is stirred 
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until silver chloride is coagulated. When cold, the clear liquid is decanted through 
a iri- cm. No. .589 paper without disturbing the precipitate.* The precipitate 
is washed free of eopi)er by decantation. Ten grams of 40-me8h test lead are 
sprinkletl over the inside of the filter. Twenty grams of twt lead and a few drops 
of a sf)lution of sodium sulidiidc are mixc<l with the precipitate of silver chloride 
with a stirring rod. When it is apparent that reduction ci silver is quite comjdete 
the residue is washed into the filter and the beaker thoroughly wiped with filter 
jiajMjr. After draining the filter is folded, placed in a 3-in. scorifier, covered with 
10 grams of lead, dried and incinerated. Fluxed with a pinch (2 to 3 grams) 
of borax glass, scorifieation is continued to production of a 16- to 20-gram button. 
Cornjcted assay is made of the slag and cupel. 

Removal of Interfering M etals. 1 nasmuch as bismuth, selenium or t^uiium 
are not readily removed from a lead button by dry oxidation, with tlm object of 
avoiding repeated scorifications, it is experlient to remove these elements by dis- 
solving the well-cleaned lead button with twelve times as many cc. as its weight in 
grams of a mixture of 1 part of strung nitric add with 5 parts wator. Hie gold 
is filtered, the silver precipitated, reduced when hq|^, filtered nnd the 
taining each of the precious metals manipulated as has been deeic|iMtd<^ 
treatment of a bismuth-bearing button, the filter should be waflhi^ - 

lated water. When platinum is present in the material unddfchoc .Mlay & 
quantity sufficient to interfere with the purity of the silver bead produced,, by 
cupellation at the usual temperature, the solution of the lead buitem by nitric 
acid is filtered through a small filter. The content of the thorot^hly washed 
filter is treated for determination of platinum and gold by methods described in 
chai)ter on Platinum. Silver in the filtrate is precipitated as chloride and 
determined by the describc<l procedures of filtration, scorifieation and cupellation. 
By this method may be conducted the a.ssay for silver in material containing 
gold in excess of silver. 

When the precipitate of silver chloride is colored a deep pink, indicating the 
presence of considerable palladium, the button resulting from its scorifieation is 
dis.solvod, silver again precipitated, filtered, scorified and, if the silver chloride is 
not too highly coloretl, cupelled. ‘ 

Assay of Cobalt — Silver Ore.* I or J A.T. pf)rtions are taken, the former when 
the sample carries over 2000 oz. silver per ton. Nitric acid is added a little at a 
time to the pulp in a covered beaker, alxait 75 cc. for a i-A.T. or 100 cc. for a 
I A.T. portion. After heating on a steam bath until action has ceased, 200 cc. 
water are added and the .solution allowed to stand (best over night) until cold 
before filtration. From some ores containing much arsenic, a white crystalline 
coating containing a little silver forms, and unless allowed to form in the original 
nitric acid solution will cau.se trouble later. If the coating cannot be detached 
by filter paper it is treated in the beaker with a hot solution of sodium hydrate. 
The alkaline Ihpiid is acidulaled with nitric acid and washed into the filter with the 
insoluble residue. If the in.soluble residue is large in volume, it is dri(!d, burned 
in a crucible and fused with litharge, borax, sodiutn carlxmate and a reducing 
agent. If the residue is small, it is scorified. In either case the lead button from 
the residue is reserved. 

Standard sodium chloride solution is added to the filtrate from the insoluble 
residue in quantity sufficient to precipitate all the silver, but carefully avoiding 

• »See article by A. M. Smoot, End. and Min. Jour., April 17, 1015, n. 701. 

* Smoot, Eng. and Min. J., 28, 1100, 1914. 
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any considerable excess. The precipitate is stirred briskly until it coagulates 
and then is allowed to stand for an hour until tlie supernatant liquid becomes 
clear. The precipitate is transferred to a double filter and washed slightly with 
water. Traces of silver chloride in the l)eaker are wi}x*d ufT with filter pajier and 
placed in tbe filter. The filter is transferred to a scuritier which has been glazed 
with molten litharge. As a further precaution against absorbing moisture, a 
small disk of lead is placed under the paper. The paper in the scorifier is dried 
and burned in a closed oven at 250 to 300° C. Fine test lead is sprinkled over the 
residue and the button resulting from the crucible or scorifier fusion of the in- 
soluble residue is added. Scorification at a low temperature is conducted to 
production of a 15-gram button which is cupell()<l with care to avoid “ sprouting.” 
The influence of bismuth which cobalt ores sometimes contain is eliminated by 
the combination method. 


CYANIDE SOLUTIONS 

XnaSmiK^ as (i^yadido solutions have but little greater gravity than water, 
2^.2 is. regarded as tiie volume equivalent of 1 A.T. The quantity taken for 
attety depi^ds U|]W the gold or silver content; 1 A.T. of a rich solution, 50 to 100 
A.T. whto tniCM of the metals are sought; 5, 10 or 10 A.T. are the test portions 
most comnionly employed. When gold only is to be determined, there should 
be in the lead button prepared for cupellation sufficient silver to permit parting 
of the bead resulting from the operation. Silver may be added to the button 
or solution in the form of metal or to the solution in the form of a standard solution 
of silver nitrate if the electrolytic or evaporation method is employed. 

The methods of preparation of the solution for fire assay may be grouped as 
follows: 

(a) Evoporatton.'^ 

(b) Metallic Reagents* Aluminum foil,^ cement copper,’ zinc dust, zinc lead 
couple formed by the addition of lead acetate to the cyanide solution and precipita- 
tion of spongy lead by zinc shavings,^ by zinc dust,’ by stick zinc,* aluminum-lead 
couple.’ 

(c) Electrolytic.* 

(dX Liquid reagent, potassium ferrocyanide and cuprous chloride,’ copper sulphate 
and sodium sulphite,^" ferrous sulphate, oxalic acid. 

(3) Gaeeoue reagent, hydrogen sulphide.’* 

The evaporation method is the sttindard with which all other methods are 
compared, and on account of the requirement of little manipulation, is practiced 

* All Manuals or Text Books of Assaying. 

’ Scamon, West. Chein. and Met., Aug., 1909, 291. 

’Arcnls, Trans. A.I.M.E., 34, 184. 

« Chiddy, Kng. and Min. J., Mar. 28, 19(KJ, 473. 

* Magenau, Min. and Sci. Press, Apr. 14, 1900, 259; Stines, Min. and Sci. Press, 
Apr. 28, 1900, 278; Durant, Proc. Chem. Met. and Min. Soc. of S.A., 1902-3, 105; 
Clark, Fulton’s “ Manual of Fire Assaying,” 2d cd. 156. 

® Bahney, Trans, A.I.M.E., 61, 131. 

’ Holt, Min. and Sci. Press, June 11, 1910, 863. 

* Miller, J. Chem. Met. and Min. Soc. of S. A., Feb. 15, 1905, 216; Crichton, J. 
Chem. Met. and Min. Soc. of S. A., 1911-12, 90. 

* White, J. Chem. Met. and Min. Soc. of S. A., Oct., 1909, 136. 

” Whitby, Proc. Chem. Met. and Min. Soc. of S. A., 1902-3, 15. 

” Watson, 'Eng. and Min. J., Mar. 28, 1911, 443. 
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with consitlGnihlB variety of (.letail in laboratories which make a larse nuniber 
of assays. From a 6- by 4-in. strip of assayera’ sheet lead, a flat-bottom ^ 
4 by 2 by 1 in. deep can be made, which will weigh 30 to ^ grams and hold 3 A.T. 
A test portion of this or a larger amount of cyanide solution introduced from tinie 
to time is evaporated to dryness. '1V> avoid spattering the heat of the hot plate is 
reduced towai’d the last of the operation. The dish is folded carefully and scori- 
fied to a 15- to 20-gram button in a 3-in. scorifier. A 10 or 20 A.T. test portion 
may be evaporated to small volume in an evaporating dish or casserole^ and then 
to dryness in a lead dish. When it is the practice to complete the evapOiTatlon 
in porcelain or earthen ware, 50 to 60 grams of litharge are added with the^ ohjept 
of facilitating removal of the residue. The residue, which 8faiOll|la Mt;te 
so strongly as to make a hard cake, is removed with 
with a charge' consisting of 25 grams litharge, 16 graiW 
2 grams fine silica, 5 grams borax glass and 2 grams argel* Fusion ie mU^ In a 
2Q-graTn crucible. When the scorification method oi fusuon 18 ,10 jonuns 

of granulated lead arc added to the solution instead of htbail^, the pnBXlS- 

ferred to a 2-in. scorifier, covered with 15 grams test lehd and a {flnch of bat|BiiX 
glass and scorified to a 15- to 20-gram button. Whetoer litharge ot lesd u (uM, 
the dish should be wiped thoroughly with moist filter paper which is placed in'tlie 
l)ottotn of the crucible or retained in place in the sewifier by the 15 grama of test 
lead. 

Of the metallic reagent methods, the zinc-lead couple is most commonly 
practiccxl. The details of manipulation vary with different operators. The fol- 
lowing method combines the features of Clark's * and Bahney’s.* To the test 
portion of cyanide solution in a beaker of capacity several hundred cc. in excess 
of its liquid content, are added 25 cc. of a 20% solution of lead acetate. From a 
bottle having a ^-in. glass tube through the stopper and holding silver-free zinc 
dust and water in the proportion of 1 gram in 3 cc., the equivalent of 4 grams of 
dust is shaken out into a suitable graduate and added to the cyanide liquor. 
When moderately heate<l, but before jM)iling, a volume of 1.18 to 1.19 S.G. C.P. 
hydrochloric acid equal to 10% of the cyanuhi solution is added. The mixture 
is then boile<l not too vigorously until the sixuigy lead aggregates (five to ten 
minutes). 

Since some zinc may icmnin undissolved in the mass above the surface of the 
liquid, after removal of the beaker from the hot plalc, the precipitate is collected 
and confined below the surface by an overturned funnel whicih has a flia-meter 
1 in. less than the diameter of the beaker and who.se coiistrictetl throat Ls scaled 
with a small ball of barren lead sponge. A^ter standing hot for five to ten minutes 
the funnel is removed and washed free of adherent partiiikw. 'I''he beaker is then 
filled up with cold watesr. From a ch-cular piece of assayers’ .slieot lead 3 ins. in 
diameter and weighing 7 to 9 grams a filter cone is made by i)rieking a dozem line 
holes through and about tlm a|x*x. This cone is fitted to a 2-in. funnel in a filter 
flask which is connected to aspirating apparatus. A layer of fy grams of test lead, 
finer than 00 mesh, is shaped ov^er the fK;rforated jiortion of the cone. The clear 
litluid is decanted as completely as is practicable without loss of precipitate. The 
beaker is again filled witli cold water and decanted. A ]x>rtion of the sponge is 
drawn with the flattened end of a glass rod onto the filter cone and tamped into 

* Fulton, “Manual of Fire Assaying,’' 2d ed., 157. 

* Fulton’s “Manual of Fire Assaying,” 2d od. 166. 

* Trans. A.I.M.E., 61, 129. 
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place. After complete removal of the precipitate to the cone, it is washed several 
times and then dewatenKi by tamping with the rod. The edges of the filter cone are 
folded tightly over the precipitate to form a cone-sliaped button which will fit 
a li-in. cupel. The button is placed in a hot cui)el which is brought to the front 
of the muffle and allowed to remain there no longer than is sufHcient to expel 
moisture. A piece of glowing charcoal placed in front of the cuixil will help to 
clear the lead shortly after the muffle do(jr is closed, if the muffle has been kept 
at the temperature which prevails in the usual pnictice of starting cupellation. 

If suspended matter insoluble in hydrochloric acid or considerable copper is 
present in the solution, cupellation without previous scorification is impracticable, 
the other details of the method, however, may be carried out as described. In 
imeh cases the. lead button is pU^ in a 2-in. scorifier, 10 grams of test lead and 
borax flux are added and soorifioation continued to production of a 10- to 15-gram 
button. In case mudi copper is present, it may 1% necessary to rescorify with 
a^tiQn dl pm lead. 

the eleet^^c methodi* gold is deposited on a cylinder of assay lead foil 
whi(^ closdly the inside and rests on the bottom of the beaker. The lower 
edge of the foil is serrated to promote circulation. The anode is a A’iu. carbon 
rod. The current is adjusted to the KCN strength of the solution; 0.1 amp. 
for a 0.3% to 0.04 amp. for a 0.02% solution. To avoid plating out on the anode, 
care is taken to have the current on all the time it is in contact with the solution. 
A little cyanide added to a weak solution facilitates the de]X)sition of gold; 
and ammonium hydrate is added when the solution is impure. When deposition 
is complete (four hours), the lead foil is washed, dried, folded into a button and 
cupelled. 

Christy’s liquid reagent method, as modified by Whitby and described by 
ClennelV is based on the fact that when a copper salt together with a reducing 
agent is added to an acidulated cyanide solution, a precipitate of cuprous cyanide is 
formed which precipitates silver and all but a tnice of gold. I'o 10 A.T. are stirred 
in successively 20 cc. 10% solution of blue vitriol, 20 cc. 15% solution of sodium 
sulphite and 10 cc. 10% sulphuric acid. Addition of a little fcrrocyanide of |X)taS' 
sium hastens settling. The mixture is stirred thoroughly, allowed to settle for 
fifteen minutes, filtered and the filtrate refiltered until clear. When drained 
the precipitate is covered with a mixture of 30 grams litharge, 30 grams borax 
glfuw and 1 gram charcoal. The paper and contents are i)laced in a hot E or F 
crucible and the operations of fusiori and cupellation carried out. 

^ Crichton, .1. Chcni. Met. and Min. fcJoc. of S. A., 1911-12, 90. 

* Cyanide Hand Book, 443. 
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I.— INTERNATIONAL ATOMIC WEIGHTS, 1917 



Symbol. 

Atomic 

Weight. 


Symbol 

Aluminum 

A1 

27.1 

Nentiyiniiirn 

Nd 

Antimony 

Sb 

120.2 

Xeon 

Ne 

Argon 

A 

39.88 

Nickel 

Xi 

Arsenic 

As 

74.96 

Niton (radium ein- 

Barium 

Ba 

137.37 

anation) 

Nt 

Bismuth 

Bi 

208.0 

Nitrogen 

N 

Boron 

B 

11.0 

Osmium. . . 

Os 

Bromine 

Br 

79.92 

( )x vgcn 

o 

Cadmium 

Cd 

112.40 

Palladium 

Pd 

Caesium 

Cs 

132.81 

Pliosphoriis 

P 

Calcium 

Ca 

40.07 

Platinum 

Pt 

Carbon 

C 

12.005 

Potassium 

K 

Cerium 

Co 

140.25 

Pra.scodymium 

Pr 

Chlorine 

Cl 

35.46 

Radium 

Ra 

Chromium 

Ct 

62.0 

Rhodium 

Rh 

Cobalt 

Co 

58.97 

Rubidium 

Rb 

Columbium 

Cb 

93.1 

Ruthoniiim 

Ru 

CoDDer 

Cu 

63.57 

Samarium 

Sa 

Dysprosium 

Dy 

162,5 

Scandium 

Sc 

Erbium 

Er 

167.7 

Selenium 

So 

Europium 

Eu 

152.0 

Silicon 

Si 

Fluorine 

F 

19.0 

Silver 

Ag 

Gadolinium 

Gd 

157.3 

Sodium 

Xa 

Gallium 

Ga 

69.9 

Strontium 

Sr 

G ermanium 

Ge 

72.5 

Sulphur 

s 

Glucinum 

G1 

9.1 

Tantalum 

Ta 

Gold 

Au 

197.2 

Tellurium 

Te 

Helium 

He 

4.00 

Terbium 

Tb 

Holmium 

Ho 

163.5 

Thallium 

T1 

Hydrogen 

H 

1.008 

Thorium 

Th 

Tndium 

In 

114.8 

Thulium 

Tm 

Iodine 

I 

126.92 

Tin 

Sn 

Iridium 

1 

Ir 

193.1 

Titanium 

Ti 

Iron 

Fe 

55.84 

Tungsten 

W 

Krvnton 

Kr 

82.92 

Uranium 

u 

Lanthanum 

La 

139.0 

Vanadium 

V 

Lead 

Pb 

207.20 

Xenon 

Xe 

Lithium 

Li 

6.94 

Ytterbium (Neo3rt- 


Lutecium 

Lu 

175.0 

terbium) 

Yb 

Magnesium 

Mg 

24.32 

Yttrium. 

Yt 

Manganese 

Mn 

54.93 

Zinc 

Zn 

Mercury 

Hg 

200.6 

Zirconium . 

Zr 

Molybdenum 

Mo 

96.0 
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Atomic 
Weigh t. 


i 144.3 

j 20.2 

! 58.68 

222.4 

14.01 

190.9 

16.00 

106.7 

31.04 

195.2 
39.10 

140.9 

226.0 

102.9 
85.45 

I 101.7 
' 150.4 
' 44.1 

79.2 

28.3 
107.88 

23.00 
87.63 

32.06 

181.5 

127.6 

159.2 

204.0 

232.4 

168.5 

118.7 

48.1 

184.0 

238.2 

51.0 

130.2 

173.5 

88.7 
65.37 

90.6 
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II.— MELTING-POINTS OF THE CHEMICAL ELEMENTS » 


Reproduced fn)iu Circular No. 35 (2d edition) of U. S. .Bureau of 
Standards. 


Element. 

C. 

F. 

Element. 

C. 

F. 

Helium 

<-271 

<-•156 

Neodymium 

840? 

1544 

Hydrogen 

-259 

-434 

Arsenic 

850? 

1562 

Neon 

-253? 

-423 

Barium 

850 

1562 

P'luorine 

-223 

-369 

Praseodymium 940? 

1724 

Oxygen 

Nitrogen 

-218 

-360 

Germanium 

958 

1756 

-210 

-316 

Silver 

960.5 

1761 

Argon 

-188 

-306 

Gold 

1063.0 

1945.5 

Krypton 

-169 

-272 

Copper 

1083.0 

1981.5 

Xenon 

-140 

-220 

Manganese 

1260 

2300 

Chlorine 

Mercury 

Bromine 

-101.5 
- 38.9 

-1.50.7 

-38.0 

Samarium 

Beryllium 

1300-1400 

2370-2550 

- 7.3 

4-18.9 

(^ucinum) 

1350? 

2462 

Caesium 

+ 26 

79 

Scandium 

? 

2588 

Gallium 

30 

86 

Silicon 

1420 

Rubidium 

38 

100 

Nickel 

1452 

2646 

Phosphorus 

Potassimn 

44 

111.2 

Cobalt 

1480 

2896 

62.3 

144 

Yttrium 

1490 

2714 

Sodium 

97.5 

207.5 

Chromium 

1520 

2708 

Iodine 

113.5 
rSt 112.8 

236.3 

235.0 

Iron 

Palladium 

1530 

1549 

2780 

mi 

Sulphur 

iSn 119.2 
[Sm 106.8 

246.6 

224.2 

Zirconium 

Columbium 

1700? 

Indium 

155 

311 

(Niobium) 

1700? 

3060 

Lithium 

186 

367 

Thorium 

/>1700 

>3090 

Selenium 

217-220 

422-428 

\<Pt 

<Pt 

Tim 

231.9 

449.4 

Vanadium 

1720 

3128 

Bismuth 

271 

520 

l^TINUM 

1755 

3191 

Thallium 

302 

576 

Ytterbium 

? 


Cadmium 

320.9 

609.6 

Titanium 

1800 

3272 

Lfad 

327.4 

621.3 

Uranhun 

<1850 

<3362 

Zinc 

419.4 

786.9 

Rhodium 

1950 

3542 

Tellurium 

452 

846 

Boron 

2200-2500? 4000-4500 

Antimony 

630.0 

1166 

Iridium 

2350? 

4262 

Cerium ^ 

640 

1184 

Ruthenium 

2450? 

4442 

Magnesium 

651 

1204 

Molybdenum 

2500? 

4500 

A luminum 

658.7 

1217.7 

Osmium 

2700? 

4900 

Radium 

700 

1292 

Tantalum 

2850 

5160 

Calcium 

810 

1490 

Tungsten 

3000 

‘5430 

I.anthanum 

Strontium 

810? 

>Ca<Ba? 

1490 

Carbon | 

>3600 / 
for p. = 1 at. \ 

>6500 
for p. “ 1 at. 


m. OTHER TEMPERATURE STANDARDS 
Tem-peralures of Flames? 

Cent. Deg. ol Accuracy. 


Bunsen, open 1870 Within 100® C. 

Bunsen, half open 1810 Within 100® C. 

Bunsen, shut 1710 Within 100® C. 

Acetylene 2550 Within 100® C. 

Oxyhydrogen with illuminating gas 2200 Within 100® C. 

Oxyhydrogen with Ha+0 2420 Within 100® C. 

Electric arc 3500 Within 150® C. 

Sun 6000 Within 500® C. 


* Metallurgical and Chemical Engineering, Vol. XIII, No. 5, Mav, 1915. 

> Measurement of High Temperatures, G. K. Burgess and H. Le Chatelier. 
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III.— OTHER TEMPERATURE STANJDARDS (Continued) 


ApproximaJte Temjteraturcs by dobrn. 

First visible red 

Ihill red 

Cherry red 

Dull orange 

White 

Dazzling white 


Cent. 

P'ahr. 

.'525 

977 

700 

1292 

900 

1652 

1100 

2012 

1300 

2372 

1500 

2732 


Subfltaaoe. 

Fhonom<;nou. 

C. 

F. 

Variation with pressure 
(pressure in inin. of Hg.) 

Oxygen 

Carbon dioxide. . 

Boiling 

Sublimation in 

-183.0 

~ 78.6 

-297.4 

-109.3 

C. 18:1.0-1-0.01258 (p. 760) 

-0.0000079 (p. 760) 

C. “=-78.5-1-0.017 (p. 760) 

Sodium sulphate 

inert liquid. . 
Transforma- 

33.384 

90.291 

NaiSO4+10H,C 

Water. 

Naphtbalmie. . . . 

tion into an- 
hydrous salt . 
Bmling 

Boiling 

100 

217.06 

212 

423.73 

C. 100-1-0.03670 (p. 760) 
-0.00002046 (p. 760) 

C. “=217.96-1-0.058 (p. 760) 

Benzqiibenone . . 

Boiling.: 

305.9 

582.6 

C. “ -305.9+0.063 (p. 760) 

Sulphur 

AgiCut 

Sodium chloride. 

B^^ling 

Eutectic 

Freezing 

Freezing 

444.6 

779 

801 

832.3 

1434 

1472 

C. “=444.6+0.0908 (p. 760) 
-0.000047 (p. 760) 


IV.— ELECTROMOTIVE ARRANGEMENT OF THE ELEMENTS 

Each element is positive to the element placed after it and negative to the element 
placed above. 


1. 

Cs 

14. A1 

27. Ge 

40. Os 

53. Mo 

2. 

Rb 

15. Zr 

28. In 

41. Au 

54. V 

3. 

K 

16. Th 

29. Ga 

42. H 

55. Cr 

4. 

Na 

17. Co 

30. Bi 

43. Sn 

56. As 

5. 

Li 

18. Di 

31. U 

44. Si 

57. P 

6. 

Ba 

19. La 

32. Cu 

45. Ti 

58. Se 

7. 

Sr 

20. Mn 

33. Ag 

46. Cb 

59. I 

8. 

Ca 

21. Zn 

34. Hg 

47. Ta 

60. Br 

9. 

Mg 

22. Fe 

35. Pd 

48. Te 

61. Cl 

10. 

Be 

23. Ni 

36. Ru 

49. Sb 

62. F 

11. 

Yt 

24. Co 

37. Rh 

60. C 

63. N 

12. 

Er 

25. Cd 

38. Pt 

61. Bo 

64. S 

13. 

Sc 

26. Pb 

89. Ir 

52. W 

66. 0 
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ACID AND ALKALI TABLES 


V.— llYDR()CHI.ORIC ACID 


By W. C. FEnatrsoN 


Degrees 

Baume. 

1 Sp. Gr. 

Degrees 

Twaddell, 

i Per Cent 
HCl. 

Degrees 

Baumde 

Sp . Or. 

Degrees 

TwsMell. 

Per Cent 
HGl. 

1.00 

1 .0069 

1 /AH 

1 .10 

14.25 

1.1090 

21.80 

21.68 

2.00 

1 .0140 

2.80 

2.82 

14.50 

1.1111 

22.22 

22.09 

3.00 

1.0211 

4.22 

4.25 

14.75 

1.1132 

22.64 

22.50 

4.00 

1 .0284 

5.68 

5.69 

15.00 

1.1154 

23.08 

22.92 

5.00 

1 .0.3.57 

7.14 

7.15 

15.25 

1.1176 

23.52 

23.33 

5.25 

1 .0375 

7.50 

7.52 

15.50 

1.1197 

23.94 

23.75 

5.50 

1 .0394 

7.88 

7.89 

15.75 

1.1219 

24.38 

24.16 

5.75 

1.0413 

8.26 

8.26 

16.0 

1.1240 

24.80 

24.57 

6.00 

1.04.32 

8.64 

8.64 

16.1 

1.1248 

24.96 

24.73 

0.25 

1.04.50 

9.00 

9.02 

16.2 

1.1256 

25.12 

24.90 

6.50 

1.0169 

9.38 

9.40 

16.3 

1.1265 

25.30 

25.06 

6.75 

1 .0488 

9.76 

9.78 

16.4 

1.1274 

25.48 

25.23 

7.00 

1 .0.507 

10.14 

10.17 

16.5 

1.1283 

25.66 

25.39 

7.25 

1 .0.526 

10.52 

10.55 

16.6 

1.1292 

25.84 

25.56 

7.50 

1 .0545 

10.90 

10.91 

16.7 

1.1301 

26.02 

25.72 

7.75 

1.0.564 

11.28 

11.32 

16.8 

1.1310 

26.20 

25.89 

8.00 

1 .0.584 

11.68 

11.71 

16.9 

1.1319 

26.38 

26.05 

8.25 

1 .0603 

12.06 

12.09 

17.0 

1.1328 

26.56 

26.22 

8.50 

1 .0023 

12.46 

12.48 

17.1 

1.1336 

26.72 

26.39 

8.75 

1.0642 

12.84 

12.87 

17.2 

1.1345 

26.90 

26.56 

9.00 

1.0662 

13.24 

13.26 

17.3 

1.1354 

27.08 

26.73 

9.25 

1.0681 

13.62 

13.65 

17.4 

1.1363 

27.26 

26.90 

9.50 

1 .0701 

14.02 

14.04 

17.5 

1.1372 

27.44 

27.07 

9.75 

1.0721 

14.42 

14.43 

17.6 

1.1381 

27.62 

27.24 

10.00 

1.0741 

14.82 

14.83 

17.7 

1.1390 

27.80 

27.41 

10.25 

1 .0761 

15.22 

15.22 

17.8 

1.1390 

27.98 

27.58 

10.50 

1 .0781 

15.62 

15.62 

17.9 

1.1408 

28.16 

27.75 

10.75 

1 .0801 

1 16.02 

16.01 

18.0 

1.1417 

28.34 

27.92 

11.00 

1.0821 

16.42 

16.41 

18.1 

1.1426 

28.52 

28.09 

11.25 

1.0841 

16.82 

16.81 

18.2 

1.1435 

28.70 

28.26 

11.50 

1.0861 

17.22 

17.21 

18.3 

1.1444 

28.88 

28.44 

11.75 

1.0881 

17.62 

17.61 

18.4 

1.1453 

29.06 

28.61 

12.00 

1.0902 

18.04 

18.01 

18.5 

1.1462 

29.24 

28.78 

12.25 

1 .0922 

18.44 

18.41 

18.6 

1.1471 

29.42 

28.95 

12.. 50 

1 .0043 

18.86 

18.82 

18.7 

1.1480 

29.60 

29.13 

12.75 

1.0964 

19.28 

19.22 

18.8 

1.1489 

29.78 

29.30 

13.00 

1.0985 

19.70 

19.63 

18.9 

1.1498 

29.96 

29.48 

13.25 

1.1006 

20.12 

20.04 

19.0 

1.1508 

30.16 

29.65 

13.50 

1.1027 

20.54 

20.45 

19.1 

1.1517 

30.34 

29.83 

13.75 

1.1048 

20.96 

20.86 

19.2 

1.1526 

30.52 

30.00 

14.00 

1.1069 

21.38 

21.27 

19.3 

1.1535 

30.70 

30.18 


TABLES AND USEFUL DATA 

V.— HYDROCHLORIO ACUD (Continued) 


Degrees 

BaamA. 

Sp. Gr. 

Degrees 

Twaddell. 

Per Cent 
HCl. 

Degrees 

Baume. 

Sp. Gr. 

Degrees 

Twaddell. 

1 Per Cent 
J RCl. 

19.4 

1.1544 

30.88 

30.35 

22 .5 

1 . \ SSO 

36.72 

36.16 

19.6 

1.1554 

31.08 

30.53 

22.6 

1.1. S46 

36.92 

36.35 

19.6 

1.1563 

31.26 

30.71 

22.7 

1.18.'>6 

37.12 

36.54 

19.7 

1.1572 

31.44 

30.90 

22.8 

1 .1866 

37.32 

36.73 

19.8 

1.1581 

31.62 

31.08 

22.9 

1.1875 

37.50 

36.93 

19.9 

1.1590 

31.80 

31.27 

23.0 

1 . 1885 

37.70 

37.14 

20.0 

1.1600 

32.00 

31.45 

23.1 

1.1895 

37.90 

.37. 36 

20.1 

1.1609 

32.18 

31.64 

23.2 

1.1904 

38.08 

37.. 58 

20.2 

1.1619 

32.38 

31.82 

23.3 

1.1914 

38.28 

,37.80 

. 20.3 

1.1628 

32.56 

32.01 

23.4 

1.1924 

38.48 

.38.03 

20.4 

1.1637 

32.74 

32.19 

23.5 

1.1934 

.38.68 

38.26 

20.5 

1.1647 

32.94 

32.38 

23.6 

1.1941 

38.88 

38.49 

20.0 

1.1656 

33.12 

32.50 

23.7 

1.1 aw 

.39.06 

.38.72 

20.7 

1.1666 

33.32 , 

32.75 

23.8 

1.1963 

.39.26 

38.95 

20.8 

1.1675 

33.50 

32.93 

23.9 

1.1973 

39.46 

39.18 

20.9 

1.1684 

33.68 

1 33.12 

24.0 

1.1983 

.39.66 

.39.41 

21.0 

1.1694 

33.88 

33.31 

24.1 

1.1993 

39.86 

39.64 

21.1 

1.1703 

34.06 

33.50 

24.2 

1.2003 

40.06 

39.86 

21.2 

1.1713 

34.26 

33.69 

24.3 

1.2013 

40.26 

40.09 

21.3 

1.1722 

34.44 

33.88 

21.4 

1.2023 

40.46 

40.32 

21.4 

1.1732 

34.64 

34.07 

24.5 

1.2033 

40.66 

40.55 

21.5 

1.1741 

34.82 

34.26 

24.6 

1.2043 

40.86 

40.78 

21.6 

1.1751 

35.02 

34.45 

24.7 

1.2053 

41.06 

41.01 

21.7 

1.1760 

35.20 

34.64 

24.8 

1.2063 

41.26 

41.24 

21.8 

1.1770 

36.40 

34.83 

24.9 

1.2073 

41.46 

41.48 

21.9 

1.1779 

36.68 

36.02 

25.0 

1.2083 

41.66 

41.72 

22.0 

1.1789 

35.78 

35.21 

26.1 

1.2093 

41.86 

41.99 

22.1 

1.1798 

36.96 

35.40 

25.2 

1.2103 

42.06 

42.30 

22.2 

1.1808 

36.16 

35.69 

25.3 

1.2114 

42.28 

42.64 

22.8 

1.1817 

36.34 

36.78 

25.4 

1.2124 

42.48 

43.01 

22.4 

1.1827 

36.54 

35.97 

25.5 

1.2134 

42.68 

43.40 


Sp. Or. detemunations 'were made at 60** F., compared 'with water at 60** F. 
IVom the Specie Gra'vities, the corresponding degrees Baumti vrere calcu- 
lated by the following formula: Baum6 =» 145 — 145/Sp. Qr. 

Atomic weights from F. W. Clarke's table of 1001. O » 16. 

ALLOWANCE FOR TEMPERATURE: 

10-16® BA - 1/40® B4. or .0002 Sp. Or. for 1® F. 

16—22® B6. - 1/30® m. or .0003 “ “ “ 1® F. 

22-26® B6. - 1/28® B4. or .00035 “ “ “ 1® F. 

Authority — W. C. Ferguson. 

This table has been approved and adopted as a Standard by the Manu- 
facturing Chemists’ Assomtion of the United States. 

W. H. Bower, Jas. L. Morgan, 

Henry Howard, Arthur W'yman, 

A. Q. Robengartbn, 

New York, May 14, 1908. Executive Committee. 
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TABLES AND USKECTIi 


7M 


VI.— HYDROCHLORBt 

I 

Lunge and MARCitlE|itil(^^ 


Specific 

Gravity. 

15! 

4^ 

In Vacuo. 

Per Cent 

TTPI 

bywScbt. 

I Lito: 
con- 
tains 
Grams 
HCl. 

Specific 

Gravity 

15® 

4® 

in Vacuo. 

Per Cent 
HCl 

by Weight. 

stMt 

OCKH ' 

tfiliia. < 
Onuns 
BCI. 



B 


0.16 

1.6 


15.16 

163 

1.145 

ts.'ei 

328 

1 .005 

1.15 

12 

1 .080 

16.15 

174 

1.150 

2^:57 

840 


2.14 

22 

1 .085 

17.13 

186 

1.152 

29.95 

845 

1.015 

3.12 

32 

1.090 

18.11 

197 

1.155 

30.55 

853 

1 .020 

4.13 

12 

1 .095 

19.06 

209 

1.160 

31.52 

366 

1 .025 

5.15 

53 

1 . 100 

20.01 

220 

1.163 

32.10 

373 

1.0. S 0 

6.15 

()4 

1 . 105 

20.97 

232 

1.165 

32.49 

379 

1 .035 

7.15 

71 

1.110 

21.92 

243 

1.170 

33.46 

392 

1 .040 

'■ 16 

85 

1.115 

22.86 

255 

1.171 

33.65 

394 

1 .04 r > 

t . l 6 

96 

1.120 

23.82 

267 

1.175 

34.42 

404 

1.050 


107 

1.125 

24.78 

278 

1.180 

35.39 

418 

1 .055 

11.18 

118 

1.130 

25.75 

291 

1.185 

36.31 

430 

1.060 

12.19 

129 

1.1.35 

20.70 

303 

1.190 

37.23 

443 

1 .0( i 5 

13.19 

141 

l.llO 

27.66 

315 

1.195 

38.16 

456 

1 .070 

14.17 

152 

1 . 1 125 

28.14 

322 

1.200 

39.11 

469 


COMPOSITION OF (CONSTANT BOILING 
HYDROCHLOllIC ACID* 


Pressure mm. of 
Mercury. 

Per Cent of 
HCl. 

Grams constant 
boiling distillate 
for X mol. HCl. 

770 

20.218 

180.390 

760 

20.242 

180.170 

750 

20.266 

179.960 

740 

20.290 

179.745 

730 

20.314 

179.530 


Tnmperaturo of constant boiling hydrochloric acid is 108.54* at 763 mjn. 
Specific gravity 1.0962CP‘. 

* Hulctt and Bonner, Jour. Am. Chem. Soc. zzxi, 390* 










AND USEFUL DATA 


VH.— NITRIC ACID 
C. Fbiiguson 


■ 


ST 


Degrees 

Baums. 

Sp.^Qr. 

Pa 

6o® 

DegrMs 

TwaddeU. 

Per Cent 

HNOse 




12.86 

21.25 

1 . 1718 

34.36 

28.02 




13.18 

21.50 

1.1741 

34.82 

28.36 



48-62 

13.49 

21.75 

1.1765 

35.30 

28.72 



16.02 

13.81 

22.00 

1.1789 

35.78 

29.07 


iCo^i 

16.42 

14.13 

22.25 

1.1813 

36.26 

29.43 

u4s I 

1^0841 

16.82 

14.44 

22.. 50 

1.1837 

36.74 

29.78 


1.9861 

17.22 

14.76 

22.75 

1.1861 

.37.22 

30.14 

11 7s 

1.0881 

17.62 

15.07 

23.00 

1.1885 

,37.70 

30.49 

lU.OO 

1.0002 

18.04 

15.41 

23.25 

1.1910 

38.20 

,30.80 

12.25 

1.0022 

18.44 

15.72 

23.. 50 

1.1934 

.38.68 

31.21 

12.50 

1.0043 

18.86 

16.05 

23.75 

1 . 19,59 

39.18 

31 .,58 

12.75 

1.0064 

19.28 

16.30 

24.00 

1.1983 

39.66 

,31.91 

13.00 

1.0985 

19.70 

16.72 

24.25 

1.2008 

40.16 

,32.31 

13.25 

1.1C06 

20.12 

17.05 

24.50 

1.20,33 

40. 

,32.68 

13.50 

1.1027 

20.54 

17.. 38 

21.75 

1 .20.58 

41.. u 

,33.05 

13.75 

1.1048 

20.96 

17.71 

25.00 

1 .2083 

41.66 

33.42 

14. CO 

1.1069 

21.38 

18.04 

25.25 

1.2109 

42.18 

33.80 

14.25 

1.1090 

21.80 

18., 37 

2,5.. 50 

1.21,34 

42.68 

34.17 

14.50 

1.1111 

22.22 

18.70 , 

25.75 

1.2100 , 

43.20 

,34., 56 

14.76 

1.1132 

22.64 

19.02 

26.00 

1.2185 

43.70 

31.94 

15.00 

1.1154 

23.08 

19.36 ' 

26.25 

1.2211 

44.2*2 ' 


15.25 

1.1176 

23.52 

19.70 

26., 50 

1 .2236 

41.72 

35.70 

15.50 

1.1197 

23.94 

20.02 

26.75 

1 .2262 

45.21 

36.09 

15.75 

1.1219 

24.38 

20.36 

27.00 

1 .2288 

45.76 

36.48 

16.00 

1.1240 

24.80 

20.69 

27.25 

1 .2.314 

46.28 

,36.87 

16.25 

1.1262 

25.24 

21.03 

27., 50 

1.2,310 

46.80 

37.26 

16.50 

1 . 1284 

25.68 

21.36 

27.75 

1.2367 

47.. 34 

,37.67 

16.75 

1.1306 I 

26.12 

21.70 

28.00 

1.2,393 

47.86 

38.06 

17.00 

1.1328 

26.56 

22.04 

28.25 

1.2420 

48.10 

,38.46 

17.25 

1. 1.^50 

27.00 

22.38 

28., 50 

1.2416 

48.92 

,38.85 

17.50 

1 1.1373 

27.46 

22.74 

28.75 

1.2473 

49.46 

.39.25 

17.75 

1.1.395 

27.90 

23.08 

29.00 

1.2500 

.50.00 

,39.66 

18.00 

1.1417 

28.34 

23.42 

1 29.25 

1.2,527 

.50.. 54 

40.00 

18.25 

1.1440 

28.80 

23.77 

29.50 

1.2,5.54 

51 .08 

40.47 

18.50 

1.1462 

29.24 

24.11 

29.75 

1.2,582 

51.64 

40.89 

18.75 

1.1485 

29.70 

24.47 

30.00 

1.2609 

52.18 

41.30 

19.00 

1.1508 

30.16 

24.82 

30.25 

1.2637 

,52.74 

41.72 

19.25 

1.1531 

30.62 

25.18 

30., 50 

1.2664 

53.28 

42.14 

19.50 

1.1554 

31.08 

25.53 

30.75 

1.2692 

53.84 

42.58 

19.75 

1.1,577 

31.54 

25.88 

31.00 

1.2719 

54.38 

43.00 

20.00 

1.16C0 

32.00 

26.24 

31.25 

1.2747 

54.94 

43.44 

20.25 

1.1624 

32.48 

26.61 

31.50 

1.2775 

55.50 

43.89 

20.50 

1.1647 

32.94 

26.96 

31.75 

1.2804 

56.08 

44., 34 

20.75 

1.1671 

33.42 

27.33 

32.00 

1.2832 

56.64 

44.78 

21.00 1 

1.1694 

33.88 

27.67 1 

32.25 

1.2861 

57.22 

45.24 
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TABLES AND USEFUL DATA 


VII.—NITRIC ACID (Coatinued) 


Degrees 

BaoinA. 

8p. Gr. 

&<>_ 

60" 

Degrees 

Twaddell 

Per Cent 
HNO,. 

Degtete 

Bniua^*. 

M 

Mi 


32.50 

1.2889 

67.78 

45.68 

40. ri 




32.76 

1.2918 

68.36 

46.14 

41.00 




33.00 

1.2946 

58.92 

46.58 

41.95 

i.wsfr 



33.25 

1.2975 

59.50 

47.04 

41.50 

1.4010 



33.50 

1.3004 

60.08 

47.49 

41.76 

1.40(44 

80.88' 


33.75 

1.3034 

60.68 

47.95 

42.00 

1.4078 

8t.80 

'or.is 

34.00 

1.3063 

61.26 

48.42 

42.25 

1.4112 

8Z.24 

isr.06 

34.25 

1.3093 

61.86 

48.90 

42.50 

1.4146 

82.02 

68.^3 

34.50 

1 .3122 

62.44 

49.35 

42.75 

1.4181 

83.62 

60.62 

34.75 

1.31.52 

as. 04 

49.83 

43.00 

1.4216 

84.32 

'76.83 

35.00 

1 .3182 

63.64 

50.32 

43.25 

1.4251 

85,02 

71.15 

35.25 

1.3212 

64.24 

50.81 

43.50 

1.4286 

85.72 

71.08 

35.. 50 

1 .3212 

64.81 

51.30 

43.75 

1.4321 

86.42 

72.82 

35.75 

1 .3273 

05.46 

51.80 

41.00 

1.4356 

87.12 

73.67 

36.00 

1 .3303 

66.06 

52.30 

44.25 

1.4392 

87.84 

74.53 

36.25 

1.3334 

06.08 

52.81 

44.50 

1.4428 

88.56 

75.40 

36.50 

1..3.3frl 

07.28 

53.32 

44.75 

1.4464 

89.28 

76.28 

36.75 

1.3.395 

67.90 

53.81 

45.00 

1.4500 

90.00 

77.17 

37.00 

I .3426 

! 68.52 

54.30 

45.25 

1.4536 

90.72 

78.07 

37.25 

1 .3457 

09.14 

54.89 

45.50 

1.4573 

91.46 

79.03 

37.. 50 

1 .3188 

69.70 

55.43 

45.75 

1.4610 

02.20 

80.04 

37.75 

1 .3.520 

70. 10 

65.97 

46.00 

1.4646 

92.92 

81.08 

3S.00 

1 .3551 

71 .02 

56.52 

46.25 

1.4684 

93.68 

82.18 

3S.25 

1 .3.583 

71 .66 

57.08 

46.60 

1.4721 

94.42 

83.33 

38.. 50 

1 ..3615 

72.30 

57.65 

46.75 

1.4758 

95.16 

84.48 

38.7.5 

1 .3617 

72.94 

58.23 

47.00 

1.4796 

95.92 

85.70 

39.00 

1.3679 

73.58 

58.82 

47.25 

1.4834 

96.68 

86.98 

89.25 

1 ..3712 

74.24 

59.43 

47.50 

1.4872 

97.44 

88.32 

39.. 50 

1.3714 

74.88 

60.06 

47.75 

1.4910 

98.20 

89.76 

39.75 

1.3777 

75.54 

60.71 

48.00 

1.4948 

98.96 

91.35 

40. 00 

1..38I0 

76.20 

61.38 

48.25 

1.4987 

99.74 

93.13 

40.25 

1 .3813 

76.86 

62.07 

48.50 

1.5026 

100.52 

95.11 

40.. 50 

1 .3876 

77.52 

62.77 1 


* 




SpfM'IlK* (Smvitjr dctt^riniiuithins were made at GO® F., coinpiired with water at 00® F. 
From the Spefille (iruvitien, the eorrespondliig dc^rcoB Baum^ were calculated by llio 
following formula : ^ 145 

Bauin 6 =z 145 — s — 7 ,— . 

Bauiiie Hydrometers for use with this table must be grailiiated by the above formula, 
which formula ^llonld always Im printed c»ii the scale. 

Atomic weights Irom F. w. Clarke’s table of 11 K) 1 . 0= 16. 


ALLOWANCE FOR TEMPERATURE: 

At 10® — 20® m. — 1/30® or .00029 ftp. Or. z= 1® F. 

20® — ;M)® Be. — 1/23® M. or .00044 “ “ — 1® F. 

3C|o _ 44)0 _ i/.jQo 154^ .00060 “ “ = 1® F. 

40® — 48.5® — 1/17® B^. or .00084 “ “ z= 1® F. 

Autuobity— W. C. Feiiuijson. 

This table has been approved and adopted as a Standard by the Manufacturing Chemists' 
Associatiou of the United States. 


New York, May 14, 1903. 


W. H. BOWER, JA8. L. MORGAN, 

HENRY HOWARD, ARTHUR WYMAN, 

A. G. R08ENGABTEN, JSxecutive Committee 



TjIBLBS AND USEFUL DATA 787 

vm.— NITRIC ACID 


, Litnob and Ret 





X Mar con- 
tuM gimme 

^6Ci&C 

Gravity 

t5^ 

in vacuo 

loo parte by mrdght 
conteia 

X liter eon- 
teinegrame 

Hr 

HMfib 

2A 

HHO, 

% 

NA 

hSo , 

WA 

WHO, 


' >».* 

0.10 

1 

1 

1.195 

27.10 

31.62 

324 

378 

1/005 

e.$5 

1.00 

8 

10 

1.200 

27.74 

32.36 

3:13 

388 

l.OlO 

l.«2 

1.00 

16 

19 

1.205 

28.36 

33.09 

342 

399 

1.015 

2.30 

2.80 

24 

28 

1.210 

28.99 

33.82 

351 

409 

1.020 

3.17 

3.70 

33- 

38 

1.215 

29.61 

34.55 

360 

420 

1.025 

3.04 

4.60 

40 

47 

1.220 

.30.24 

35.28 

369 

430 

1.030 

4.71 

6.50 

49 

.57 

1.225 

30.88 

.36.03 

378 

441 

1.036 

5.47 

6.38 

57 

66 

1.230 

31.53 

36.78 

387 

452 

1.040 

6.22 

7.26 

64 

75 

1.235 

.32.17 

37.. 53 

397 

463 

1.045 

6.97 

8.13 

73 

85 

1.240 

32.82 

38.29 

407 

475 

1.050 

7.71 

8.99 

81 

94 

1.245 

33.47 

39.05 

417 

486 

1.055 

8.43 

9.84 

89 

104 

1.2.50 

34.13 

39.82 

427 

498 

1.060 

9.15 

10.68 

97 

113 

1.2.55 

; i 4.78 

40.. 58 

437 

.509 

1.065 

9.87 

11.51 

105 

123 

1.260 

.35.44 

41.34 

417 

521 

1.070 

10.57 

12.33 

113 

132 

1.265 

36.09 

42.10 

4.57 

.533 

1.075 

11.27 

13.15 

121 

141 

1.270 

36.75 

42.87 

467 

544 

1.080 

11.96 

13.95 

129 

151 

1.275 

.37 41 

43.64 

477 

556 

1.085 

12.64 

14.74 

137 

160 

1 280 

38 07 

44.41 

487 

568 

1.090 

13.31 

15.53 

115 

169 

1 285 

38 73 

45 18 

498 

581 

1.095 

13.99 

16.; i 2 

1.53 

179 

1.21)0 

39 39 

45 95 

508 

593 

1.100 

14.67 

17.11 

161 

188 

1.295 

40 05 

46 72 

519 

605 

1.105 

15 34 

17 89 

170 

198 

l.:l(M) 

40 71 

47 49 

529 

617 

1.110 

16.00 

18.67 

177 

207 

i .: io .5 

41.37 

48 26 

.540 

630 

1.115 

16.67 

10.45 

186 

217 

1.310 

42.06 

49 07 

.551 

643 

1.120 

17.34 

20.23 

195 

227 

1 315 

42.76 

49.89 

.562 

6.56 

1.125 

18.00 

21.00 

202 

2:16 

1.320 

43.47 

.50.71 

573 

669 

1.130 

18.66 

21.77 

211 

210 

1..32.5 

41 17 

51.. 53 

585 

683 

1.135 

19.32 

22.54 

219 

256 

i .:3 :io 

41.89 

52 37 

597 

697 

1.140 

19.98 

23.. 31 

228 

266 

i .:«2.5 

45.26 

52 80 

603 

701 

1.145 

20.64 

24.08 

237 

276 

1 .: vi 5 

45.02 

53 22 

609 

710 

1.1.50 

21.29 

24 84 

245 

286 

l .:340 

46.35 

54.07 

621 

725 

1.1.55 

21.94 

25 60 

2.54 

296 

l .:345 

47.08 

.54.93 

6.33 

739 

1.160 

22. ( M ) 

26.36 

262 

306 

1.350 

47.82 

55.79 

645 

753 

1.165 

2:1.25 

27.12 

271 

316 

1.3.55 

48.57 

,56.66 

058 

768 

1.170 

23.90 

27.88 

279 

326 

1..360 

49.35 

57.. 57 

671 

783 

1.175 

24.54 

28.63 

288 

336 

1.365 

50.13 

.58.48 

684 

798 

1.180 

25.18 

29.38 

297 

347 

1.370 

50.91 

59.39 

698 

814 

1.185 

25.83 

30.13 

306 

357 

1.375 

.51.69 

60.. 30 

711 

829 

1.100 

26.47 

30.88 

315 

367 

1.380 

52.52 

61.27 

725 

846 



788 


TABLES AND USEFUL DATA 


VIII.— NITllKi ACID (Continued) 


Specific 

Gravity 

15® 

ZOO parts by weight i liter con- 
contii.i tains grains 

Specific 

Gravity 

150 

12 vacuo 

‘“•sasT'* 


in vacui 

% 

u^n 

N»Oii 

HNO 3 

Ak 




1.383: 

53.08 

61.02 

735 

857 

1.405 

78.52 




1.385 

53.35 

62.24 

739 

862 

1.500 

80.65 

M.oa 



1.390 

54.20 

63.23 

753 

879 

1.501 

81.00 

94,0 

im 


1.305 

55.07 

64.25 

768 

896 

1.502 

81.50 

96.09 

1321 


1.400 

55.97 

65.30 

783 

914 

1.503 

81.91 

05.55 

1331 

^^1436 

1.405 

56.92 

66.40 

800 

933 

1.504 

82.29 

06.00 

1238 

1444 

1.410 

57.86 

67.50 

810 

952 

1.505 

82.63 

96.30 

1244 

1451 

1.415 

58.83 

68.63 

832 

971 

1.506 

82.94 

96.76 

1249 

1457 

1.420 

59.83 

69.80 

849 

991 

1.507 

83.28 

97.13 

1255 

1464 

1.425 

60.84 

70.98 

867 

1011 

I 1.508 

83.58 

97.50 

1260 

1470 

1.430 

61.86 

72.17 

885 

1032 

1.509 

83.87 

97.84 

1265 

1476 

1 . 435 

62.91 

73.39 

903 

1053 

1.510 

84.09 

98.10 

1270 

14S1 

1 .440 

64.01 

74.68 

921 

1075 

1.511 

84.28 

98.32 

1274 

1486 

1.445 

65.13 

75.98 

941 

1098 

1..512 

84.46 

98.53 

1277 

1490 

1 . 450 

66.24 

77.28 

961 

1121 

1.513 

84.63 

98.73 

1280 

1494 

1 . 455 

67.38 

78.60 

981 

1144 1 

1.514 

84.78 

98.90 

1283 

1497 

1.460 

68.56 

79.98 

1001 

1168: 

1.515 

84.92 

99.07 

1287 

1501 

1.465 

69.79 

81.42 

1023 

1193 

1.516 

85.04 

99.21 

1289 

1504 

1.470 

71.06 

82.90 

1045 

1210 ! 

1.517 

85.15 

99.:J4 

1292 

1507 

1 .475 

72.39 

84.45 

10<>8 

1246' 

1.518 

85.26 

99.46 

1294 

1510 

1.480 

73.76 

86.05 

1092 

12741 

1.519 

85.35 

99.. 57 

1296 

1512 

1 .485 

75.18 

87.70 

1116 

1.302' 

1.520 

85.44 

99.67 

1299 

1515 

1.490 

76.80 

89.60 

1144 

1.335j 
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IX.--PHOSPHORIC ACID AT. 17.5" 



Pit 

fWi* 

TOT- 

•peelllc 

Gravity 

Per 

Cent. 

P»0,. 

Per Cent. 
H,P 04 . 

Specific 

Gravity, 

Per 

Cent. 

P.0,. 

Per Cent. 
H,PO«. 



93.67 

1.462 

46.0 

63.37 

1.208 

24.6 

33.06 



03.99 

1.455 

45.5 

62.68 

1.203 

23.5 

32.37 



02.30 

1.448 

45.0 

61.99 

1.198 

23.0 

31.68 



*0i.6i 

1.441 

44.5 

61.30 

1.193 

22.5 

SO . 99 



00.92 

1.435 

44.0 

60.61 

1.188 

22.0 

30.31 

'liVm 

((6.6 

^ 00.28 

1.428 

43.5 

59.92 

1.183 

21.5 

29.62 

1,W 

66.0“ 

39.64 

1.422 

43.0 

59.23 

1.178 

21.0 

28.93 

1.760 

64.6 

38.85 

1.415 

42.5 

58.55 

1.174 

20.5 

28.24 

1.741 

64.0 

88.16 

1.409 

42.0 

57.86 

1.169 

20.0 

27.55 

1.733 

63.6 

87.48 

1.402 

41.5 

57.17 

1.164 

19.5 

26.86 

1.726 

63.0 

86.79 

1.396 

41.0 

56.48 

1.159 

19.0 

26.17 

1.717 

62.6 

86.10 

1.389 

40.5 

55.79 

1.155 

18.5 

25.48 

1.709 

62.0 

85.41 

1.383 

40.0 

55.10 

1.150 

18.0 

24.80 

1.701 

61.5 

84.72 

1.377 

39.5 

54.41 

1.145 

17.5 

24.11 

1.693 

61.0 

84.03 

1.371 

.39. 0 

53.72 

1 . 140 

17.0 

23.42 

1.685 

60.5 

83.. 34 

1.365 

38.5 

53.04 

1.135 

16.5 

22.73 

1.677 

60.0 

82.65 

1.3.59 

.38.0 

52.35 

I.KIO 

16.0 

22.04 

1.669 

59.5 

81.97 

1.354 

37.5 

51.66 

1.126 

15.5 

21.35 

1.661 

.59.0 

81.28 

1.348 

37.0 

50.97 

1.122 

15.0 

20.66 

1.653 

58.5 

80.. 59 

1..312 

36.5 

50.28 

1.118 

14.5 

19.97 

1.645 

58.0 

79.90 

1.336 

36.0 

49.59 

1.113 

14.0 

19.28 

1.637 

57.5 

79.21 

1..330 

35.5 

48.90 

1.109 

13.5 

18.00 

1.629 

57.0 

78.52 

1.325 

35.0 

48.21 

1.104 

13.0 

17.91 

1.621 

56.5 

77.83 

1.319 

31.5 

47.52 

1.100 

12.5 

17.22 

1.613 

56.0 

77.14 

1.314 

.34.0 

46.84 

1 .096 

12.0 

16.53 

1.605 

55.5 

76.45 

1.308 

33.5 

46.15 

1.091 

11.5 

15.84 

1.597 

55.0 

75.77 

i .; io .3 

33.0 

45.46 

1 .087 

11.0 

15.15 

1..589 

.54.5 

75.08 

1.298 

.32.5 

41.77 

1 .083 

10.5 

14.46 

1.581 

.54.0 

74.39 

1.292 

32.0 

44.08 

1.079 

10.0 

13.77 

1.574 

53.5 

73.70 

1.287 

31.5 

43.39 

1.074 

9.5 

13.09 

1.566 

53.0 

73.01 

1.281 

.31 .0 

42.70 

1.070 

9.0 

12.40 

1..559 

52.5 

72. 32 

1.276 

30.5 

42.01 

1 .066 

8.5 

11.71 

1.5.51 

52.0 

71.63 

1.271 

30.0 

41.33 

1.062 

8.0 

11.02 

1..513 

51.5 

70.94 

1.265 

29.5 

40.64 

1.058 

7.5 

10.33 

1..5.36 

51 .0 

70.26 

1.260 

29.0 

39.95 

1.0.53 

7.0 

9.64 

1.528 

.50.5 

69.57 

1.2.55 

28.5 

39.26 

1.049 

6.5 

8.95 

1.521 

50.0 

68.88 

1.219 

28.0 

38.57 

1.045 

6.0 

8.26 

1..513 

49.5 

68.19 

1.244 

27.5 

37.88 

' 1.041 

5.5 

7.57 

1..505 

49.0 

67.50 

1.239 

27.0 

37.19 

1.037 

5.0 

6.89 

1.498 

48.5 

66.81 

1.2.33 

26.5 

36.50 

i . o ;« 

4.5 

6.20 

1.491 

48.0 

66.12 

1.228 

26.0 

35.82 

1.029 

4.0 

5.51 

1.484 

47.5 

65.43 

1.223 

25.5 

35.13 

1 .025 

3.5 

4.82 

1.476 

47.0 

64.75 

1.218 

25.0 

34.41 

1.021 

3.0 

4.13 

1.469 

46.5 

64.06 

1 213 ' 

24 . 5 

33.75 

1 .017 

2.5 

3.44 
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TABLES AND USEFUL DATA 


X.— SULPHURIC ACID 


By W. C. Fkkguson ani> H. P. Talbot 


Degrees 

Baumc. 

Specific 

Gravity 

60 -^- 

Degrees 

Twaddell. 

‘’-'So 

I 

Weight of 

X Cu. Ft. in 
Lbs. Av. 

Per Cent 

0. v.a 

PeuadB 0. V. 
in 

1 Cubic Foot. 

0 

1.0000 

0.0 

0.00 

62.37 

0.00 

0.00 

1 

1.0069 

1.4 

1.02 

62.80 

1.09 

0.68 

2 

1.0140 

2.8 

2.08 

63.24 

2.23 

1.41 

3 

1.0211 

4.2 

3.13 

63.69 

3.36 

2.14 

4 

1.0284 

5.7 

4.21 

64.14 

4.52 

2.90 

5 

1.03.57 

7.1 

5.28 

61.60 

5.67 

3.66 

6 

1.0132 

8.0 

6.37 

65 06 

6.84 

4.45 

7 

1.0.'i()7 

10.1 

7.15 

65.53 

7.99 

5.24 

8 

1 .0.5S4 

11.7 

8 . 55 

66.01 

9.17 

6.06 

9 

1.0662 

13.2 

9.60 

60.50 

10.37 

6.89 

10 

1.0741 

14.8 

10.77 

60.99 

11.56 

7.74 

11 

1.0821 

10.4 

11.89 

67.49 

12.76 

8.61 

12 

1.0902 

18.0 

13.01 

68.00 

13.96 

9.49 

13 

1 .0985 

19.7 

14.13 

68.51 

15.16 

10.39 

11 

1 . 1069 

21.4 

15.25 

69.04 

16.36 

11.30 

15 

1.1154 

23.1 

10.38 

69.57 

17.58 

12.23 

16 

1.1240 

24.8 

17.53 

70.10 

18.81 

13.19 

17 

1.1328 

26.6 

18.71 

70.65 

20.08 

14.18 

18 

1.1417 

28.3 

19.89 

71.21 

21.34 

15.20 

19 

1.1508 

30.2 

21.07 

71.78 

22.61 

16.23 

20 

1 . 1600 

32.0 

22.25 

72.35 

23.87 

17.27 

21 

1.1094 

33.9 

23.43 

72.94 

25.14 

18.34 

22 

1.1789 

a5.8 

24.61 

73.53 

26.41 

19.42 

23 

1.1885 

37.7 

25.81 

74.13 

27.69 

20.53 

24 

1.1983 

39.7 

27.03 

74.74 

29.00 

21.68 


Sp. Gr. deforniinutiuns wero made at 60° F., compared with water at 60° F. 
From the Sp. Gra., the corre.sponding degrees Baum6 were calculated by 
the following fonmila: Baum6 =115 — lifl/Sp. Gr. 

Baum6 Hydrometers for use with this table mu.st be graduated by the 
above formula, which formula should always be printed on the scale. 

* 60° Baumd = Sp. Gr. 1.8354 =» Oil of Vitriol (O. V.). 

1 cu. ft. water at 60° F. weighs 62 37 lbs. av. 

Atomic weights from F. W. Clarke’s table of 1901. O = 16. 

IIjSO^ = 100 per cent. 

% H^SO* % O. V. %60° 

O. V. = 93.19 = 100.00 = 119.98 

60° = 77.67 = 83.35 = 100.00 

50° = 62.18 = 66.72 = 80.06 
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X.— SULPHUllIC ACID (Continued) 



*Preesinc 



' — 


Deicreai 

(Maltins) 

Point. 

APiniOXI.MATE 

BOILING 

IXHxNTS 


• F. 


50° B, 

295° F. 





00° “ 

380° “ 


0 

32.0 


61° 

400° “ 


1 

31.2 


02° “ 

415° “ 


2 

30.5 


63° 

432° “ 


3 

29.8 


61° 

451° » 


4 

28.9 


65° '' 

48.5° “ 


5 

28.1 


06° “ 

538° “ 


6 

7 

27.2 

26.3 


FIXED 

POI\T.S 


8 

25. 1 




■ 

9 

24.0 

Specific 

Per Cent 

Specific 

Per Cent 



Gravity. 

H2SO4, 

Griivity. 

H2SO4 • 

10 

22.8 





11 

1 c% 

2] .5 

1.0000 

.00 

1 .5281 

02.34 

12 

20.0 

1 .()(MS 

.71 

1 .5140 

03.79 

13 

18.3 

1.0347 

5.1 1 

1 .5748 

00.51 

14 

16.6 

1 .0649 

9 . 1 s 

1.0272 

71 .00 

ir> 

14.7 

1.0992 

14.22 

1.0079 

74. 16 

16 

12.6 

1 . 1353 

19.01 

1.7011 

77.54 

17 

10.2 

1.1730 

23.94 

1 . 7258 

79.40 

18 

7.7 

1.2105 

28.55 

■ 1.7472 

81.32 

19 

4.8 

1.2513 

33.49 

1.7700 

83.47 



1.2951 

38.64 

1.7959 

86.36 

20 

4- 1.6 

1.3441 

44.15 

1.8117 

88.53 

21 

- 1.8 

1.3947 

49.52 

1.8194 

89.75 

22 

- 6.0 

1.4307 

63.17 

1.8275 

91.32 

23 

-11 

1.4667 

56.08 

1.8354 

93.19 

24 

-16 

1.4822 

58.14 




Acids stronger than 66° should Iiave their jjcrcentage compositions 
determined by chemical analysis. 

* Calculated from I’ickcring's results, Jour, of I^on. Ch. Soc., vol. 67, p. 363. 


Authorities — W, C. Ferguson; H. P. Taubot. 

This table has lieen approved and adopted as a standard by the Manu- 
facturing Chemists’ Association of tlie United States. 

W. H. Bower, 

Henry Howard, 

Jas. L. Morgan, 
Arthur Wyman, 

A, G. Rosengarten, 

New York, June 23, 1904. Executive CommiUe^ 
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TABLES AND USEFUL DATA 


X.— SULPHURIC ACID (Continued) 


Decree 

Batting 

Specific 

B Gravity 

65=*^- 

Decrees 

Twaddcll. 

Per 
Cent 
; H,S 04 . 

1 

Weight of 

X Cu. Ft. in 
Lbs. Av. 

Per Cent 

0. V. 

PcNuideO. ▼. 
la 

1 Cubic Foot. 

25 

1.2083 

41.7 

28.28 

75.36 

30.34 

22.87 

26 

1.2185 

43.7 

29.5:1 

70.00 

31.69 

24.08 

27 

1.2288 

15.8 

30.79 

70.04 

33.04 

25.32 

28 

1.2393 

47.9 

32.05 

77.30 

34.39 

26.58 

29 

1.25(;0 

50.0 

33.33 

77.96 

35.76 

27.88 

30 

1.2009 

52.2 

31.63 

78.01 

37.16 

29.22 

31 

1.2719 

54.4 

35.93 

79.33 

38.55 

30.58 

32 

1.28;i2 

56.6 

37.20 

80.03 

39.98 

32.00 

33 

1.2916 

58.9 

38.58 

80.74 

41.40 

33.42 

31 

1.3003 

01.3 

39.92 

81.17 

42.83 

34.90 

35 

1.3182 

03.0 

41.27 

82.22 

44.28 

30.41 

36 

1. 3.103 

00.1 

12.03 

82.97 

45.74 

37.95 

37 

1.3420 

68.5 

43.99 

83.74 

47.20 

39.53 

38 

1.3551 

71.0 

45.35 

81.52 

48.00 

41.13 

39 

1.3079 

73.0 

•10.72 

85.32 

50.13 

42.77 

•JO 

1.3810 

70.2 

48.10 

80.13 

51.01 

44.45 

•11 

1.3912 

78.8 

•19.47 

80.90 

53.08 

40.16 

42 

1.1078 

' 81.0 

50.87 

1 87.80 

54.58 

47.92 

13 

1.4210 

81.3 

52.26 

88.07 

50.07 

49.72 

44 

1.4350 

87.1 

53.00 

89.54 

57.58 

51.56 

45 

1.4,500 

90 0 

55.07 

90.44 

59.09 

53.44 

46 

1.4010 

92.9 

50.48 

91.35 

00.60 

55.36 

47 

1.1790 

95.9 

57.90 

92.28 

62.13 

57.:i3 

48 

1.1918 

99 0 

59 .32 

93.23 

63 . 05 

.59.34 

49 

1.5104 

102.1 

00.75 

91.20 

05.18 

01.10 

50 

1..5203 

105.3 

02.18 

95.20 

60.72 

03.. 52 

51 

1.5420 

108.5 

03.60 

90.21 

08.:il 

65.72 

52 

1.5591 

111.8 

05.13 

97.24 

09.89 

07.90 

53 

1.5701 

115.2 

06.03 

98.30 

71.50 

70.28 

54 

1,5934 

118.7 

08.13 

99.:i8 

73.11 

72.06 

55 

1.0111 

122.2 

09.05 

100.48 

71.71 

75.10 

56 

1.0292 

125.8 

71.17 

101.01 

70.37 

77.00 

57 

1.0177 

129.5 

72.75 

102.77 

78.07 

80.23 

58 

1.0007 

1.33.3 

7i.:io 

103.95 

79.79 

82.95 

59 

1.0800 

137.2 

75.99 

105.16 

81.54 

85.75 



TABLES AND USEPUI. DATA 


793 


X.— SULPHURIC^ ACID (Continued) 


p= 




— 

— 


iDtcrNs 

Baaing. 

* Freeilnc 
(Heltlaf) 
Point. 







®F. 

ALLOWANCE 

FOR TEMPERATURE 



25 

-23 






26 

-30 

At 10® Re. .029°lV>.or .00023 Sp. Or. 

1®F. 

27 

-39 

“ 20® 

“ .036“ 

“ .00034 


28 

-49 

“ 30® 

“ .0.3.5® 

“ .000;'9 “ = 

^0 it 

29 

-61 

“ 10® 

“ .031® 

“ .00011 “ = 

jO it 



“ .50® 

“ .02.8® 

" .00015 “ 

jo it 

30 

-74 

“ 00® 

“ .026® 

“ .000.5; 


jo <c 

31 

-82 

" 63® 

" .026® 

" .00057 “ =- 


32 

-96 

» GO® 

'' .0235® 

“ .000.54 “ = 


33 

-97 






34 

-91 






35 

-81 






3C 

37 

38 

39 

-70 

(K) 

-53 

-17 

Per Cent 

60*^ 

Baum(3. 

Pounds 

6 o^ Baumd 
in 

X Cubic Foot. 

Per Cent 

50 “ 

Baumd. 

Pounds 

50^ Baume 
)n 

I Cubic Foot. 


40 

-- 11 

01 .93 

53.34 

77.36 

66.63 


41 

-35 

03.69 

.55.. 39 

79.. 56 

09.19 


42 

-31 

65.50 

57.50 

81 ..81 

71 ..83 


43 

-27 

07.28 

.59.00 

8^1.05 

74.53 


44 

-23 

09.09 

01 .86 

86. 130 

77.27 


45 

-20 

70.90 

64.12 

.88.. 50 

80.10 


46 

-11 

72.72 

66.43 

90.83 

.82.98 


47 

-15 

71.. 55 

08.79 

93.12 

85.93 


48 

-18 

70.37 

71.20 

9.5.40 

88.91 


49 

-22 

78.22 

73.68 

97.70 

92.03 


50 

-27 

80.06 

76.21 

100 00 

95.20 


51 

-33 

.81 .96 

78.85 

102.38 

98.. 50 


52 

-.39 

83.80 

<81.. 54 

101.74 

101.. 85 


53 

-49 

85.79 

.84.33 

107.15 

10.5.33 


54 

-59 

87.72 

87.17 

109.. 57 

i 

108.89 


55 

•U 

89.07 

90.10 

112.01 

112.. 55 


56 


9i .03 

93.11 

114.46 

116.. 30 


57 

•1.2 

93.07 

96.26 

117.00 

120.21 


58 

•in 

95.74 

99.. 52 

119.. 59 

121.. 31 


59 

- 7^ 

97.84 

102.89 

i 

122.21 

128.52 
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TABLES AND USEFUL DATA 


X.— SULPIIUIIIC ACID (Continued) 


DegreeH 

Bauin6. 

Sneciflo 
Gravity 
(iO® F. 
GO® 

60 

1.7059 

61 

1 . 7292 

62 

1 . 7 170 

63 

1.7983 

64 

1.7901 

94i 

1 7957 

64 i 

1.8012 

64J 

1 .80(58 

65 

1 .8125 

95 i 

1.8182 

95 i 

1.8239 

952 

1.8297 

66 

1.8354 


Degrees 

Bailing*. 

Freezing 

(Melting) 

Point. 

90 

12 9 

61 

27.3 

62 

39.1 

63 

49 1 

94 

46.4 

94 i 

43 6 

94i 

41.1 

942 

37.9 

95 

33 . 1 

95} 

24 . 9 

65i 

13.4 

65£ 

- 1 

66 

-29 


Dcgrros 

Twaddcll, 


141.2 
145 2 
149 4 
153 7 
15S.0 


159.1 
190 2 

191.4 

192.5 

193.6 

194 8 
195.9 
197. 1 


Por Cent 
(50® Bailing 


1(K) 00 
102.27 
104.97 
107.30 

110.29 

111.15 
112 09 
113.05 
114.14 

115.30 

119.95 
118.19 
119 98 


Pi‘r Cent 

l{lS()4. 


77.67 
79 43 
81.30 
8;i.34 
85.96 

89 33 
87 04 
87 81 
88.95 
89 55 

IK) 60 
91 80 
93 10 


PotindH 
fiO® Bfiiini(^ in 
Cubic Foot. 


109.40 
110.10 
114.05 
118 34 
123.14 

124.49 
125 89 

127.40 
129.03 
130.75 

132.70 
134.88 
137 34 


Weight of 
I Cii. Ft. in 
Lb.s. Av. 


109.40 

107.99 
108 99 
110.29 
111.95 

112.00 

112 34 

112.99 

113 05 

113.40 

113.79 

111.12 

114 47 


Per Cent 
50® Bailing, 


124.91 
127.74 
130 75 
134.03 
137.79 

138.84 
139 98 
141 .22 
142.57 
144.02 

145.71 
147.93 
149 87 


Per Cent 
O. V. 


83.35 

85.23 

87.24 
89.43 
91.92 

92.94 
93 40 
94.23 
95.13 
99.10 

97.22 

98.51 

100.00 I 


Poiindn 
50® Bniini(^ in 
Cubic Foot. 


132.91 
137.52 
142 47 
147.82 
153.81 

155 50 
157.25 
159.14 
191 17 
193.32 

105.79 
198.48 
171 .59 


Pounds O. V. 
in 

1 Cubic Foot. 


88.68 

91.70 

95.09 

98.63 

102.63 

103.75 

104.93 

109.19 

107.54 

108.97 

110.90 

112.42 

114.47 


XI.— SULPHURIC ACID TABLE 
94-100';?, n2S04 
By H. B. Bishop 


B 6 . 

Sp. Gr. at 00 ® F. 

Per Cent. ' 
H 28 O 4 

66 

1.8354 

93.19 

66.12 

1.8381 

94.00 

66.23 

1.8407 

95.00 

66.31 

1.8427 

96.00 

66.36 

1.8437 

97.00 

66.36 

1.8439 

97.50 

66.36 

1.8437 

98.00 

66.30 

1.8424 

99.00 

66.16 

1.8391 

100.00 


Wt. 1 Cu. Ft. 

Allowance for Temperature. 

114.47 

At 94% .00054 ap.gr. = 1 ^ F. 

114.64 

“ 96 .0053 “ =1® F. 

114.80 

“ 97.5 .00052 “ =1®F 

114.93 

“ 100 .00052 “ =:1®F. 

114.99 


114.99 


114.99 


114.91 


114.70 
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XTT.— ACETIC ACID AT IS" 


OuniCMANS 


Specific 

Gravity. 

Per Cent 

Specific 

Gravity. 

~4 

£n 

Specific 

Gravity. 

WBI 

(Sn 

Specific 

Gravity. 

Per Cent > 
H.C,H,0,.| 

0.9992 

0 

1 .0363 

26 

1 .0623 

51 

1 .0747 

76 

1 .0007 

1 

1 .0375 

27 

1.00.31 

52 

1.0748 

77 

1.0022 

2 

1.0388 

28 

1 .0038 

53 

1 .0748 

78 

1 .0037 

3 

1 .0400 

29 

1.0646 

54 

1.0748 

79 

1.00.'>2 

4 

1.0412 

30 

1 .0653 

55 

1.0718 

80 

1 .0007 

5 

1 .0424 

31 

1 .0660 

50 

1.0747 

81 

1 .0083 

0 

1 .0436 

32 

1 .0666 

57 

1.0740 

82 

1 .0098 

7 

1.0417 

33 

1 .0673 

58 

1 .0744 

83 

1.0113 

8 

1 .04.59 

31 

1.0079 

.59 

1.0742 

84 

1 .0127 

9 

1 .0470 

.35 

1.0085 

60 

1.0739 

85 

1 .0142 

10 

1 .0481 

30 

1 .0691 

61 

1.0736 

86 

1.0157 

11 

1 .0492 

37 

1 .0697 

62 

1 .0731 

87 

1.0171 

12 

1.0502 

38 

1.0702 

63 

1 .0726 

88 

1 .0185 

13 

1.0513 

.39 

1 .0707 

61 

1.0720 

89 

1.0200 

14 

1 .0523 

40 

1 .0712 

65 

1 .0713 

90 

1.0211 

15 

1 .0533 

41 

1 .0717 

00 

1 .0705 

91 

1 .0228 

10 

1 .0543 

42 

1 .0721 

07 

1 .0096 

92 

1 .0242 

17 

1 .0552 

43 

1 .0725 

08 

1 .0()86 

93 

1.02.'>0 

18 

1 .0562 

41 

1.0729 

69 

1 .0674 

94 

1 .0270 

19 

1.0.571 

45 

1 .0733 

70 

1 .0660 

95 

1 .0284 

20 

1.0.580 

40 

1 .0737 

71 

1 .0644 

96 

1 .0-298 

21 

1 .0.589 

47 

1.0710 

72 

1 .0625 

97 

1 .0311 

22 

1 .0.598 

48 

1 .0742 

73 

1.0604 

98 

1 .0321 

23 

1 .0607 

49 

1 .0744 

74 

1 ,0.580 

99 

1 .0337 

24 

1 .0615 

50 

1 .0746 

75 

1 .0553 

100 

1 .0,3.50 

25 








XIII.— MELTING POINTS OF ACETIC ACID 
RuoonFP, Bc*r. 3, 390 . 


xoo gr. 
H.C 2 H 3 O 2 
mixed with 
gr. water. 

100 parts 
by weight con- 
tain parts 
water. 

Melting (solidi- 
fying) point 
°C, 

XOO gr. 
H.C^HaOa 
mixed with 
gr. water. 

too parts 
by weight con- 
tain parts 
water. 

Melting 
(solidifying) 
point ®C. 

0.0 

0 0 

16.7® 

8.0 

7.407 

6.25° 

0.5 

0.497 

15.65 

9.0 

8.257 

5.3 

1.0 

0.990 

14.8 

10.0 

9.090 

4.3 

1.5 

1.477 

14.0 

11.0 

9.910 

3.6 

2.0 

1.961 

13.25 

12.0 

10.774 

2.7 

3.0 

2.912 

11.95 

15.0 

13.043 

-0.2 

4.0 

3.846 

10.5 

18.0 

15.324 

- 2.6 

5.0 

4.761 

9.4 

21.0 

17.355 

-5.1 

6.0 

5.660 

8.2 

24.0 

19.354 

-7.4 

7.0 

6.542 

7.1 





Boiling point 100% acid 117 8** 
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TABLES AND USEFUL DATA 


XIV.— ACiUA AMMONIA 
Accordinq to W. C. Feroubon 


Decreet 

Baume. 

^^Gr. 
— F ■ 

Per Cent 
NH,. 

Decrees 

Baumi. 

Sp. Gr. 

Per Cent 
NH,. 

Decrees 

BauaiA. 


9H GiRl 

10.00 

1 .0000 

.00 

16.50 

.9556 

11.18 

23.00 

.9150 

23.53 

10.25 

.9082 

.40 

16.75 

.9540 

11.64 

23.25 

.9135 

24.01 

10. .50 

.9964 

.80 

17.00 

.9524 

12.10 

23.50 

.9121 

24.50 

10.75 

.9947 

1.21 

17.25 

.9508 

12.56 

23.75 

.9106 

24.99 

11.00 

.9929 

1.62 

17.. 50 

.0492 

13.02 

24.00 

.9091 

25.48 

11.25 

.9912 

2.04 

17.75 

.9475 

13.49 

24.25 

.9076 

25.97 

11.50 

.9894 

2.46 

18.00 

.9-1.59 

13.90 

24.50 

.9061 

26.46 

11.75 

.9876 

2.88 

18.25 

.9444 

14.43 

24.75 

.9047 

26.95 

12.00 

.98.59 

3.30 

18.50 

.9428 

14.90 

25.00 

.90.32 

27.44 

12.25 

.9842 

3.73 

18.75 

.9112 

15.37 

25.25 

.9018 

27.93 

12.50 

.9825 

4.16 

19.00 

.9.390 

15.84 

25.50 

.9003 

28.42 

12.75 

.9807 

4.. 59 

19.25 

.9380 

16.32 

25.75 

.8989 

28.91 

13.00 

.9790 

5.02 

19.50 

.9.305 

16.80 

20.00 

.8974 

29.40 

13.2.5 

.9773 

5.45 

19.75 

.9349 

17.28 

26.25 

.8960 

29.89 

13., 50 

.97.56 

5.88 1 

20.00 

.9.333 

17.70 

26.. 50 

.8940 

30.. 38 

13.75 

.9739 

6.. 31 

20.25 

.9318 

18.24 

26.75 

.8931 

.30.87 

14.00 

.9722 

0.74 

20.. 50 

.9.302 

18.72 

27.00 

.8917 

.31.36 

14.25 

.9705 

7.17 

20.75 

.9287 

19.20 

27.25 

.8903 

31.85 

14.. 50 

.9089 

7.61 

21.00 

.9272 

19.08 

27.50 

.8889 

32.. 34 

14.7.5 

.9072 

8.05 

21.25 

.92.50 

20.16 

27.75 

.8875 

.32.83 

15.00 

.96.55 

8.49 

21., 50 

.9241 

20.04 

28.00 

.8801 

.33.. 32 

15.25 

.96.39 

8.93 

21.75 

.9220 

21.12 

28.25 

.8847 

.33.81 

15.. 50 

.9622 

9.38 

22.00 

.9211 

21.00 

28.. 50 

.8833 

34.30 

15.75 

.9605 

9.83 

22.25 

.9195 

22.08 

28.75 

.8819 

34.79 

10.00 

.9589 

10.28 

22.. 50 

.9180 

22.56 

29.00 

.8805 

.35.28 

16.25 I 

.0573 

10.73 

22.75 

.9105 

23.04 

1 





Spofific Gravity deterniiiuitions wore made at GO® F., compared with water 
at (iO® F. 

From tlio Spooiflo Gravities tlie corresponding degrees Buinn6 were calcu- 
lated by tlic following formula: 


^ , HO 

Baumd = — -r^ 130. 

►sp. Gr. 

* Baumc Ilydrorncters for use with this table must lie graduated by the 
alH)Ve formula, whieii formula should ahmi/a Ije printed on the scale. 

Atomic weights from F. W. I'larke’s table of 1001. O = 16. 
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XIV.— AQUA AMMONIA (Continued) 

ALLOWANCE FOR TEMPERATURE 

fbe confident of expansion for ammonia solutions, varyinpc with the 
tonp^ratute, correction must be applied according to the following table: 


ConreMons to be Added for BMh 
Degree Below eeP'B. 

CortectioBS to be Subtracted for Bach Degree 
Above 60” P. 

Degrees 

Banaid. 

40®F. 

50® F. 

ro”P. 

8 o»F. 

90” F. 

IOO®P. 

14® B6 

.015® B4 

.017® Bd 

.020® m 

.022° 116 

1 ^ 
0 

1 

0 

1 • 

.020” 

16® 

.021 “ 

.023 “ 

.026 “ 

.028 “ 

.030 “ 

.032 “ 

18® 

.027 “ 

.029 “ 

.031 “ 

.0.33 “ 

.035 “ 

.037 “ 

20® 

.033 “ 

.036 " 

.037 “ 

.038 “ 

.040 “ 

.042 “ 

22® 

.039 “ 

.042 " 

.043 “ 

.045 “ 

.047 “ 


26° 

.053 “ 

.057 “ 

.057 “ 

.059 “ 




Authority — W. C. Ferouso.v. 

This table has lioon approved and adtiptcd as a Staiulard b}' the Manufac* 
turiug Chetuists' Association of tiic United States. 

W. II. Bower, 

Hk.vry Howard, 

Jas. L. Morgan, 
Arthur Wy-uan, 

A. G. B 0 .SENGARTEN, 
Executive Committee. 


New York, May 14, 1903. 
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TABLES AND USEFUL DATA 


XV.— SODIUM HYDROXIDE SOLUTION AT 16® 

Lungu 


Specific 

Gravity. 

Degrees 

Baume. 

Degrees 

Twaddell. 

BIB 

1.0 

1.4 

BiSfl 

2.0 

2.8 


3.1 

4.4 

1.029 

4.1 

5.8 

1.036 

5.1 

7.2 

1.045 

6.2 

9.0 

1.052 

7.2 

10.4 


8.2 

12.0 

1.067 

9.1 

13.4 

1.075 

10.1 

15.0 

1.083 

11.1 

16.6 

1.091 

12.1 

18.2 

1.100 

13.2 

20.0 

1.108 

14.1 

21.6 

1.116 

15.1 

23.2 

1.125 

16.1 

25.0 

1.134 

17.1 

26.8 

1.142 

18.0 

28.4 

1.152 

19.1 

30.4 

1.162 

20.2 

32.4 

1.171 

21.2 

34.2 

1.180 

22.1 

36.0 

1.190 

23.1 

38.0 

1.200 

24.2 

40.0 

1.210 

25.2 

42.0 

1.220 

26.1 

44.0 

1.231 

27.2 

40.2 

1.241 

28.2 

48.2 

1.252 

29.2 

50.4 

1.263 

30.2 

52.6 

1.274 

31.2 

54.8 

1.285 

32.2 

57.0 

1.297 

33.2 

59.4 

1.308 

34.1 

61.6 

1.320 

35.2 

64.0 

1.332 

36.1 

66.4 

1.345 

37.2 

69.0 


Per Cent 
Na,0. 

Per Cent 
NaOH. 

I liter contains 
Grams 

Na,0. 

NaOH. 

0.47 


4 

6 

0.93 


9 

12 

1.55 


16 

21 

2.10 

2.70 

22 

28 

2.60 

3.a5 

27 

35 

3.10 

4.00 

32 

42 

3.60 

4.64 

38 

49 

4.10 

5.29 

43 

56 

4.55 

5.87 

49 

63 

5.08 

6.55 

55 

70 

5.67 

7.31 

61 

79 

6.20 

8.00 

68 

87 

6.73 

8.68 

74 

95 

7.30 

9.42 

81 

104 

7.80 

10.06 

87 

112 

8.50 

10.97 

96 

123 

9.18 

11.84 

104 

134 

9.80 

12.64 

112 

144 

10.50 

13.55 

121 

156 

11.14 

14.37 

129 

167 

11.73 

15.13 

137 

177 

12.33 

15.91 

146 

183 

13.00 

16.77 

155 

200 

13.70 

17.67 

164 

212 

14.40 

18.58 

174 

225 

15.18 

19.58 

185 

239 

15.96 

20. .59 

196 

253 

16.76 

21.42 

208 

266 

17.55 

22.6-4 

220 

283 

18.35 

23.67 

232 

299 

19.23 

24.81 

245 

316 

20.00 

25.80 

257 

a32 

20.80 

26.83 

270 

348 

21.55 

27.80 

282 

364 

22.35 

28.83 

295 

.381 

23.20 

29.93 

309 

399 

24.20 

31.22 

326 

420 








TABLES AND USEFUL DATA 


XV.— SODIUM HYDROXIDE SOLUTION AT 1.5“ (Continued) 


specific 

Gravity. 

Degrees 

Baumd. 

Degrees 

Twadde.l. 

Per Cent 

Per Cent 
NaOH. 

I Liter contains 
Grams 

Na20. 

NaOH 

1..3.57 

38.1 

71.4 

25.17 

32.47 

342 

441 

1.370 

.39.2 

74.0 

26.12 

33.60 

359 

462 

1.383 

40.2 

76.6 

27.10 

34.96 

375 

483 

1.397 

41.2 

79.4 

28.10 

36.25 

392 

506 

1.410 

42.2 

82.0 

29.05 

37.47 

410 

528 

1.424 

43.2 

84.8 

30.08 

38.80 

428 

553 

1.438 

44.2 

87.6 

31.00 

39.99 

446 

575 

1.453 

45.2 

90.6 

32.10 

41.41 

466 

602 

1.468 

46.2 

93.6 

33.20 

42.83 

487 

629 

1.483 

47.2 

96.6 

34.40. 

44.38 

510 

658 

1.498 

48.2 

99.6 

35.70 

46.15 

535 

691 

1.514 

49.2 

102.8 

36.90 

47.60 

559 

721 

1.530 

50.2 

106.0 

38.00 

49.02 

581 

750 


799 
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TABLES AND USEFUL DATA 


XVI.— VAPOR TENSION OF WATER IN MILLIMETERS OF MERCURY 

-2“ TO -:30’C. 

Acoordino to Rbo vault, Brock, ano Wbibb 


-2 3.958 3.929 3.9U0 3.872 3.841 3.815 3.787 3.760 3.732 3.705 

-1 4.258 4.227 4.197 4.166 4.136 4.106 4.076 4.046 4.016 3.987 

-0 4.579 4.516 4.513 4.481 1.448 4.416 4.384 4.352 4.321 4.289 

0 4.579 4.612 4.616 4.679 4.713 4.747 4.782 4.816 4.851 4.886 

1 4.921 4.957 4.992 5.028 5.061 5.101 5.137 5.174 5.211 5.248 

2 5.286 5.321 5.362 5.100 5.4.38 5.477 5.516 5.5.55 5.. 595 5.635 

3 5.675 5.715 5.755 5.796 5.8.37 5.878 5.920 5.901 6.003 6.046 

4 6.088 6.131 6.174 6.217 6.261 6.305 6.319 6.:i93 6.4.38 6.483 

6 6. .528 6.574 6.620 6.666 6.712 6.759 6.806 6.8.53 6.901 6.949 

6 6.997 7.015 7.091 7.113 7.192! 7.242 7.292 7.342 7.392 7.413 

7 7.491 7.516 7. .598 7.0.50 7.702 7.755 7.808 7.861 7.914 7.968 

8 8.023 8.077 8.132 8.187 8.213 8.299 8. .355 8.412 8.469 8.526 

9 8. .581 8.612 8.700 8.7.59 8.818 8.877 8.9.37 8.997 9.0.57 9.118 

10 9.179 9.210 9. .302 0.361 9.427 9.490 9.5.53 9.610 9.680 9.745 

11 9.810 9.875 9.910 10.006 10.072 10.1.39 10.20610.271 10.34210.410 

12 10.479 10.518 10.617 10.687 10.7.57 10.828 10.899 10.970 11.042 11.1 14 

13 U . 1.S7 1 1 .260 11 ..333 11 .407 1 1 .481 1 1 ..5.56 11.631 11 .706 11 .7.82 11 .8.59 

14 11.936 12.013 12.091 12.169 12.217 12. .326 12.406 12.486 12.. 566 12.6-17 
16 12.728 12.810 12.892 12.971 13.0.5713.111 13.225 13. .309 13.394 13.480 

16 13.565 13.651 13.7.38 13.825 13.913,14.001 14.090 14.179 14.269 14.359 

17 1 1.4.50 14. .511 14.632 14.724 14.817 14.910 15.00315.097 15.192 15.287 

18 15. .383 15.479 15. .575 15.672 15.770 15.868 15.967 16.066 16.166 16.266 

19 16.367 16.469 16. .571 16.673,16.776 10.880 16.981 17.088 17.193 17.299 

20 17.40617.513 17.620 17.728 17.8.37 17.947 18.057 18.107 18.278 18.390 

21 18. .503 18.616 18.729 18.844 18.9.59 19.071 19.190 19. .307 19.424 19. .542 

22 19.661 19.780 19.900 20.021 20.1 12 20.261 20 . .386 20 . .510 20 . 6.34 ’20 . 758 
23,20. 88:1 21 .010,21 .137 21 .264,21 ..393 21 ..522,21 .6.52 21 .782 21.913 22.04.5 
24;22.178 22. . 31 1 122.446 22.581 122.716 22.8<53 22.990,23. 128 23.266 211.400 
26,23.516 23. 0.S6 23.828 23.970 24.113 24.2.57 24.401 24.547 24.693 24.8.39 

26 24.9.87 25 . 1.35 2.5 . 28 1 2.5.431 25,5.84 25.736 25.888 26.041 26.19.5 26.349 

27 26. .505 26.661 [26. 818 26.976 27.134 27.294 27.454 27.615 27.777 27.939 
28,28. 103 2S.267|28.4.32 28-. WO 28.766 28.9.33 29,102 29.271 29.442 29.613 
29 29 . 785 29 . 9.58 .30 . 1 .32 .30 , 307 .30 .482 .30 . 659 30 . 836 31 .015 31 . 194 31 . 374 
SO 31 .555 .31 .737 .31 .919 32.103 32.288 32.473 32.660 32.8-17 33.0.36 33.225 

31 33.416 33.607 33.799 33.992 34.1.87 34, .382 .34.578 .34.775 .34.973 35.172 

32 35 , 372 35 . 573;.3.5 . 775 .35 . 978 36 . 1 82 .36 . 387 36 . 59.3 36 . 800 37 .008 37 . 21 7 

33 .37,427 37. 6.38;. 37. 851 38.064 38.278 38.493 .38.710 38.927 39,146 .39.365 

34 39. .586 39.807 40.0.30 10.251 10.479 10.705 40.933 41 .161 41 .390 41.621 
36,41 .583 42.085 42.319, 12.5.54 42.791 4.3.028 43.266 43 . 506 43 . 747 4.3.989 
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xvn.— USEFUL DATA OF THE MORE IMPORTANT INORGANIC 

COMPOUNDS * 


Substance. 

Formula. 

Molecular 
or Atoinio 
Weight. 

Normal 
Coefficient 
1 c.c. « gm. 

Solubility 
in 100 Gnis. 
Water. 

Indi- 

cator. 

Acetic acid 

Aluminium 

chloride 

HC»II,0, 

A1 

A1,CI. 

A1*C1«.12H,0 

A1*0, 

60.03 

27.10 

266.96 

.06003 

.009033 

04449 

69.87*®“ 

40 

P. 

chloride 

483 . 15 

. 08053 

p. 

oxide 

102.20 

.01703 

insnl. 

sulphate 

Al2(SO ,3 
Al,(S 04 ) 3 l 8 Hj 0 

NH, 

342.38 

. 05706 

36.1*®“ 

P. 

sulphate 

666 . 67 

.11111 

87 

P. 

Ammonia 

17.03 

.01703 

M. 

Ammonium 

NH« 

18.01 

.OlSOl 


M. 

chloride 

NII«C1 

53.50 

.05350 

29.4“° 

M. 

hydroxide 

NILOH 

35.05 

.03505 


M. 

nitrate 

NILNO, 

80.05 

.0S(K)5 

118®“ 

M. 

sulphate 

(NIl4)2SO« 

132.11 

.06607 

7l®“ 

M. 

Antimony 

Arsenic 

oxide 

Sb 

As 

As-iOs 

120.20 

74.96 

229.92 

.06010 
.03718 
.03832 * 

150 


Arsenous oxide 

AS 2 O 3 

197.92 

.03299 

1 . 7 **“ 


Arsenious oxide 

AS 2 O 3 

197.92 

.04948 3 

1.7'®° 


Barium 

carbonate 

Ha 

BaCO, 

137.37 

197.37 

.068(585 
. 098(585 

.002220** 

M. 

chloride 

BaCb 

208.29 

.104145 

30 . 90 ° 


chloride 

BaCl22H20 

211.32 

.12216 

36.2®° 


hydroxide 

hydroxide 

Ba(OH )2 

Ba( 0 H) 28 IT 20 

171.38 

315.51 

.08.569 
. 15775 

5.56*®° 


sulidiate 

BuS()4 

233.41 

.11672 

.000172®° 


oxide 

BaO 

153.37 

.076685 

1.5®° 


peroxide 

BaOj 

169.37 

.08469 

insol. 


nruiiiino 

Br 

79.92 

.07992 

4.17®° 


Cadmium carbonate. 

CdCO, 

172.40 

.08620 

insol. 


chloride 

CdCl, 

183.32 

.09166 

140*®° 


chloride 

CdCl*2ir20 

219.35 

. 109675 

168*®° 


.sulphide 

CdS 

144.47 

.072235 

insol. 


Calcium 

carbonate 

Ca 

CaCOj 

40.00 

100.07 

.020035 

.050035 

.0013 

M. 

chloride 

CaCl* 

110.99 

.055495 

59.5®° 


chloride 

CaCI*6H,0 

219.086 

. 109543 

117.4®° 


hydroxide 

Ca(OH)a 

74.09 

.037045 

.17®° 


oxide 

CaO 

56.07 

.028035 

.13®° 


sulphate 

CaS04 

136.14 

.06807 

.179®° 


sulphide 

CaS 

72.14 

.03607 

.15*®° 


Carbon 

C 

12.005 

. 00:1002 

insol. 


dioxide 

CO, 

44.005 

.022003* 

179.67 cc.®° 


dioxide 

COa 

44.005 

.044005* 

t t 

P. 

Chlorine 

Cl 

.35.46 

.03546 

150 cc.»“ 


Chromic anhydride. . 

CrO, 

100.00 

.a33333 3 

163.4®“ 


oxide 

CraO, 

152.00 

.025333’ 

insol. 


Citric acid 

H,C«H407 

192.06 

.06402 

133. 


Cobalt 

Copper 

oxide 

sulphate 

Co 

Cu 

CuO 

CUSO 4 

58.97 

63.57 

79.57 
159.63 

.029485 

.031785 

.07957 

.15963 

20®“ 


sulphate 

CuS045H,0 

249.71 

.24971 

31.61®“ 


sulphide 

CuS 

95.63 

.047815 

.000033 



1 Precipitation reagents. * Acids and bases. * Oxidising and reducing agents. 

M. Methyl orange. P. Phenolphthalein. Temp. C. 

* Compiled and arranged by R. M. Meiklejohn. 









TABLKS AND USEFUL DATA 


xvn.— USEFUL DATA OF THE MOllE IMPORTANT INOROAldil^ 

COMPOUNDS (Continued) 


Substance. 

Formula. 

Molecular 
or Atomic 

Normal 

Coefficient 



Weight. 

1 c.c. a-gm. 


Solubility 



Cyanogen CN 

Ferric oxide Fe^Os 

Ferrous oxide FeO 

sulphate FcS()4 

sulphate FeS0471 1^0 

ammoti’m sulphate FeS( )4(N 114)280461120 
Hydrohroinic arid. . . HHr 
Hydrochloric acid. . . H (1 
Hydrocyanic aciil. . . . FICN 
Hydrofluoric acid. . . . II F 

Hydroiodic acid HI 

Hydrogen jjoroxide. . 112(^2 
Hydrogen sulphide . . II28 

Iodine 1 

Iron Fe 

Lead Pb I 

carl)onate PbCOa 

chromate PbCr04 

oxide PbO 

peroxide PI >(>2 

sulphide PbS 

Magnesiuni Mg 

carbonate MgCY)., 

chloride MgC'b 

chloride Mg( I26I LO 

oxide MgO 

sulphate M gS( ) t 

sulphate MgS( >471120 

Malic acid HvCVLOs 

M anganese M f 1 

chloride MnCl-j 

peroxide MnOa 

sulphate MnS04 

Mercuric chloride.. . . HgC^'b 

Nickel Ni 

Nitric acid IINO3 

Nitric acid HNO3 

Nitrogen trioxidc. . . . N2O3 

pentoxide NiOs 

pentoxide N20ii 

Nitrous acid HNO2 

Nitrogen N 

Oxalic acid H2C2O4 

Oxalic acid H2C2O42H2O 

Phosphoric acid II3PO4 

Phosphoric acad 1 13PO4 

Phosphoric acid H3PO4 

Potassium K 

bicarbonate K2CO3 ] 

bitartrate KHC4H40e ] 

bromide KHr ] 

carbonate Kol X)3 1 

chlorate KCIO3 1 


26.005 
159.68 
71.84 
151.90 
278.01 
) 392.14 
80.928 
36.47 
27.02 
20.01 

127.93 
34.016 
34.076 

126.92 
55 84 
207.21) 

267.20 

323.20 

223.20 

239.20 I 
239.26 

24.32 

84.32 
95.24 

203.34 

40.32 
120.38 
246.49 

134.06 

54.93 
125.85 

86.93 
150.99 
271.52 

58.68 

63.02 

63.02 

76.02 
108.02 
108.02 

47.02 

14.01 

90.02 
126.05 

98.06 
98.06 
98.06 
39.10 

100.11 

188.14 

119.02 

138.20 

122.56 


.026005 
. 07984 « 
.07184 « 
.15190® 
.27801 ® 
.39214 
.08093 
.03647 
.02702 
.02001 
. 12793 
.017008 
.017038 
. 12692 
.05584 
.10360 
.13360 
.16160 
.11160 
. 1 19(50 
.11963 
.01216 
.04216 
.04762 
.10167 
.02016 
.0(5019 
. 123245 
.06703 
.0274()5 
.062925 
.0434(55 
.075495 
. 13576 
.02934 
.06302 2 
.0210063 
.019005® 
.05401 2 
.018033® 
.04702 
.01401 
.04501 
.063025 
.09806 2 
.04903 2 
.03268 
.03910 
.10011 
.18814 
.11902 
.06910 
.020427® 


32 . 8 ®® 
1800 
221 . 2 ®® 
82. 5‘®® 


437 cc.®® 
.0182“® 


.00198 

. 00002 * 8 ® 


.0106 

52.2®® 

167 

.00062 

26.9®® 

76.9®® 


62.16*®® 

insol. 

53.2®® 

5.73®® 


4.9®® 
V. sol. 
V. sol. 
V. sol. 

22.4®® 

.37®® 

53.48®® 

89.4®® 

3.3®® 


* Precipitation rcagontn. a Acids and bafiofi. * Oxidising and reducing A gwnt g, 

M. Methyl orange. P. Phenolphthaloin. Tomp. 0. 
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Xm.— USEFUL DATA OF THE MORE IMPORTANT INORGANIC 

COMPOUNDS (Continued) 


Subatanoe. 

Formula. 

Molecular 
or Atomic 
Weight. 

Normal 
Coetfieient 
1 c.c. » gm 

Solubility 
in ](K) Cnis. 
"Water. 

Indi- 

cator. 

Potassium chloride . . 

KCl 

74.66 

.07456 

28.6»° 


chromate 

K»Cr04 

194.20 

.06473’ 

61.6““ 


cyanide- 

KCN 

65.11 

.(K>511 ' 

V. sol. 


dichromate 

KsCr ,07 

294.20 

.14710 2 

4 9"“ 

p. 

dichromate 

KjCrjOj 

294.20 

.o4oo;i ’ 

4.9®^ 


feiTocyanide 

ferrocyanide 

K4Ke(CN). 

K4Fc(CN)»3H*0 

:i(>8.;}0 

422.35 




hydroxide 

KOH 

50.11 




iodate 

KIOs 

214 02 


4.74«° 


iodide 

KI 

100.03 

. 10003 

120.1®^ 


nitrate 

KNO, 

101.11 

.033703 

13.3®'’ 


nitrite 

KNO* 

85.11 

.08511 

3(K)‘-'>“ 


oxlue 

KjO 

94.20 

.01710 

V. sol. 


I)crmanganatc? 

KMn04 

158.03 

.03l6(Mi 

2.83®'’ 


RulT)hide 

K*S 

110 20 

.05513 

.-ol. 


siilphofyaniiic 

K(^NS 

«7 IS 

.09718 

177.2®" 


tartrate 

K2H4CV). 

22ti.23 

.11312 

sol. 


Silver 

nitrate 

Ak 

ArNOj 

107. S« 
160. SO 

.10788 
. lt)9S9 

122"“ 


Sodium 

bromide 

Nu 

NaBr 

23.00 

102.92 

.02300 
. 10292 

79 5"“ 


bicarbonate 

NaH(X)a 

84.01 

.08401 

0.90®'’ 

M. 

carbonate 

NjiA-Oj 

I0t> 00 

.05300 

7.1”" 

M. 

chloride* 

Na('l 

6S.46 

.05840 

35. 7®*" 


cyanide 

NaCN 

49.01 

.04901 

K)l. 


hydroxide 

NuOlI 

40.01 

.01001 

133. 3’ S'’ 


iodide 

Nal 

149.92 

. 14992 » 

158.7®'" 


nitrate 

NaNOa 

85.01 

.02834 

72,900 


nitrite 

NaNOa 

09.01 

.OOOOl 

83.;p"“ 


oxalate 

NaaCa04 

134. (M) 

.(M>7(K) 

3.22‘-*-*" 


oxide 

Nii-jO 

02.00 

.03100 

docoinp. 


phosphate (mono) . 

NaHaPOa 

120.()(> 2 

. 12000 

V. sol. 

M. 

phosj)hatc (disod) . 

Na2llP()4 

1 12 05 2 

. 14205 


P. 

phosphate (disod) . 

Na2llP()4l2TT20 

358.24 2 

.35S24 

0.3®° 

P. 

phosY>hate (trisod) . 

Na3l*()4 

104.04 2 

. 10404 


M. 

sulphide 

NajS 

78.00 

.03903 

15.4*®° 


thiosulphate 

Na2S203r>ir20 

248.20 

.24S‘2() 

74.7"“ 


Stannous chloride . . . 

HtiCl. 

189 ()2 

.()<)4K1 

S3 . 9»“ 


[ chk)ridc 

oxide 

SnCl22H20 

225.05 

.112S25 

118.7“" 


SnO 

134.70 

.06735 

insul. 


Sulphur dioxide 

SO 2 

04.00 

.03203 

7979 cc.““ 


trioxide 

Sulphuric acid 

Tartaric acid 

HOa 

H»S04 

Ii 2 C 4 ll 40 . 

80.00 

98.070 

150.05 

.04003 

.049038 

.075025 

115““ 


Tin 

Zinc 

carbonate 

Sn 

Zn 

ZiiC.Ot 

118.70 

65.37 

125.37 

.05935 

.037685 

.062685 

.001*““ 


chloride 

ZnCl* 

130.29 

.068145 

209““ 


oxide 

ZnO 

81.37 

.040685 

.001 


sulphate 

ZnSOa 

101.43 

.080715 

43.02““ 


sulphate 

ZnSOaTHaO 

287.54 

. 14377 

115.2““ 


sulphide 

ZnS 

97.43 

.048715 

HU 



^ PrecipitatioD rca|p;nts. >Acids and bases. * Oxidizing and reducing agents. 

M. Methyl orange. P. Phcnolphthalein. Temp C. 
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TABLES AND USEFUL DATA 


XVIII.— CONVERSION FACTORS* 



AXA'=BandRxB'=A. 

* Compiled and arranged by W. W. Scott and B. S. Clark, 










TABLES AND USEFUL DATA 

XVm.— CONVERSION FACTORS (Continued) 



BaCl, 

BaCO, CO,... 

C(inBaCO,) H,S04. 

BaCrO, Ba. . . . 

BaCrO* 

BaCrO« 

BaCrO^ 

BaCr04 

BaCr04 

Ba(OH), 

BaO, 

BaSiF. 

Blu«!’’’o 

BaSiF. 

BaSiF. 

BaSiF. 

BaSiF. 

BaSiF. 

BaSiF. 

BaSO. 

BaSO. 

BaSO. 

BaS04 

BtuSO. 

BaSO, , 

BaS()4 

BaS04 

BaS()4 

BaS(J4 

BaS()4 



BaSO. SO, 

BaSO. SO. 

BaSO. ZnS 

BaSO. ZnS0..7H,0 



SeeC31. 


Bi Bi,0, 1.1 1.W f). 896.5 

BiAsO. Bi 0..5994 1.6683 

BiOCl Bi 0.8017 1.2474 

BiOCl Bi(NOa), 

•511,01. 86.58 0..5359 

BiOCl Bi,0, 0.8942 1.1184 

BiOCl BiONO, 1.1024 0.9072 

Bi,(), Bi 0.8965 1.11.54 

Bi,0, BiONO, 1.2328 0.8112 

Bi,0, Bi(N(),), 

•511,0 2 0867 0.4792 

Bi,S, Bi 0.8122 1.2313 

Bi,S, Bi,0, 0.90.59 1.1039 

B KBF. 11.464 0.0872 

B,0, B 0.3143 3.1819 

BjO, KBF. 3.0029 0.2775 

BsOs llsBO, 11.7721 0.5643 

B,0, Na,B4(), 

• 101 I,()!5. 4.591 0. 18.32 

KBF. n,B(), 0.4919 2.0331 

KBF. \ji,B,()7 

•1011,0 0.7576 1.3199 

Br .Vk 1.3498 0.7408 

Br AftBr 2.. 3498 0.42.56 

Br HBr 1.01.30 0.9877 

Br () 0.1001 9.9913 

Brt), Ar 0,84.33 1.18.58 

BrO, AgBr 1.46810.6811 


Ca 

(3a 

Ca 

Ca(CH,CO,),l 

Ca(Cn,CO,), 

(3a(CII,CO,), 

CaCl, 

CaCl, 

CaCl, 

CaCl, 

CaCO, 

Ca(30., 

CaCO, 

CaCO, 

CaCO, 

CaCO, 

CaCO, 


. (3aCl, 2 

. CaO 1 

■ Cl, 1 

. (’aO 0 

, crr,co,ii. . . 0 

I HjSO. 0 

CaCO, 0 

CaO 0 

CaSO. 1 

(31, 0 

Cji 0, 

Ca(31, 1. 

Ca(HCO,), . . 1 , 

CaO 0, 

CO, 0. 

(3nS04 1. 

CaS 04 - 2 H,(). 1. 


.7687 0 
.3903 0 
.7690 0. 
..^546 2 . 
.7594 1, 
.620311. 
,9016 1. 
,5052 1. 
2265 0. 
6.390 1. 
4006 2. 
1091 0. 
6197 0. 
.5603 1. 
4.397 2. 
.3604 0. 
7204 0. 


.3612 

.7146 

.56.53 

.8200 

.3169 

.6120 

.1091 

.9795 

.8153 

.5650 

.4966 

.9016 

.6174 

.7847 

2743 

7.151 

5813 


AXA'=B and BXB'«A. 
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TABLES AND USEFUL DATA 


XVIII.— CONVEILSION FACTORS (Continued) 


CaCO, 

C^aCXh 

CaFs 

CaFs 

CJaFj 

CaF, 

CaF^ 

CaFj 

CaFj 

CadICO:,)* . 
C3a(IIC05)s . 
Cal 11 * 04 . . . . 
CaHlX)4. . . . 
Cal 11 * 04 .. . . 
Ca(H2lX)4)* 
<^a(H2l*04)* 
CaH2r207 . . 
CallaPiOT . . 
C^alliPjO,* . 
CaHjPaOr . . . 
Ca(HSO.i)2. . . 
Ca(HSO.,),.. . 
Ca(NO,)*. . . . 


B 


^agCOj. . . , 

HCl 

AlFa 

C’.a 

('aS04 

F 

HF 

H^SiF, 

NaF 

(’aO 

COa 

CaO 

C.aaPaOr 

I’aO* 

XallCOj. . . 

V>& 

C'aCllaPO h 

C^aO 

NallCO,. . . 

I’aOj 

C:aO 

H<)2 

NaO* 


CaO 

CaO 

Ca((dr:,(.'02)2 

Ca(32 

CaO 

CaCX')3 

CaO 

CaO 

C!aF, 

(^adlCOA* 

CaO 

Ca(H*P04)a . 
CaII,P*Or . . . 
Ca(HSO,) 2 .. . 

Ca2P20, 

Ca.SOi 

CaSOa 

CaO 

CaO 

CaO 

CaO 

CaO 

CaO 

CaO 

C.tS04 -21120 

C^H,C02ll. . . 
COi. . . . 

CaO 

CaO 

CaO 

11*804 

NaCl . . . 

CaO 

NaaCO* 

Na*S04 

s 

CaO 

CaO 

CaO 

so* 

CaO 1 

Caap20g ..... 

CaaPgOg 

CatPsOs 

Cag PjOg ..... 

MggPgO? < 

(NH«),P04- 

12MoOa 

p,o# ( 

CaS ; 

BaSOa : 

llaSO^ ] 

CnSO. ] 

CaSO, (CaO ( 


0.5421 


CaS04 BaSOi. 


1.7147 


IP 

1 

1 

A 

0.9441 

CaS04 

•<8 1..372C 

C.aS()4 

*^2 1 .392; 

CaS04 

28 1.9501 

C’.aS 04 

18 0.573.5 

CaS 04 

)7 2.0545 

CaSO* 

16 1.9508 

CuS04 ; 

<5 0.5110 

CaS()i-2IM) < 

>0 0.9291 



>9 2.cS90S 

Cl) ( 

>9 1,8419 

- 

9 2.4276 

C(1 ( 

!S 1.0709 

Cd ( 

9 1 .9161 

Cd ( 

'5 1. 39.38 

Cd f 

7 1 r>48:i 

CdO ( 

7 0.92.30 

CMS I 

4 3,8.5.53 

!(MS 8 

3 1.2866 



3 1..52M 

Co C 

3 3.0(Mi7 

Co C 

0 1 .5783 

Co C 

2 1.5192 

Co C 

6 1.399:1 

Co*0, C 

jpi 


CTI*ClCO*H . f 

'I 

CHaCHOH 

ilr 

CO,II 11 


CII*CO*II . . . C 


CH,CO*H. .. C 

5 0.2594 

CH,CO,H... (( 

r 0.2773 

CN,CO,H. . . 11 

i0..5421 

CH,CO*H. . . N 

r 0.4667 

CH,CX)*H. . . N 

jQKOmI 

CH,C0*H. . . P 

3[iKyJiy|| 

CH*CO*Na. . H 

IUjE f nr/ill 

CII,CO*Na. . N 

H.2743 

CH3C(>*Na. . N 

t 0.5716 

|(CJIT*C(>)*0 . H 

10.4786 

C)*II*04 11 


0211*04-211*0 II 


C4H,0. H 

1 .7484 

CMI.O, N 


C 4 H 4 O.HK.. . H 

1.8446 

1.3932 


Cl li 

Cl A 

0.0826 

Cl A| 

2.18:39 

Cl Al 

0.3091 

Cl Bi 

0.5147 

Cl CJ 

2.1427 

Cl Ci 

0.5832 < 

Cl Cl 


B 


B' 


CaCla. 

(^al'a. . 
C^aO. . 
F 


n2S04 


'1)2(K 


0.8153 
0.5735 
0.4119 : 
0.2791 ; 
0.2539 
0.7205 
0.5881 
0.3257 


[.2265 

.7438 

1.4280 

..5827 

.4021 

..3875 

.7603 

.0707 


1.4278 0.7004 


1.1426 
1 .28.53 
1.8547 
0.28.53 
1.1251 
0.2.327 
0.2220 


2.708. 

1.171 

1.2282 

2.0275 

1.0487 


0.37.53 


.3.5446 

1.3169 

1.3663 

0.8499 

0.8169 

10.8828 

0.5164 

1.7249 

0.5979 

0.3779 

0.8660 

0.9612 

1.0897 

0.7782 

0.6.537 

1.1197 

0.2607 


3.0423 

4.0423 
4.7910 
1.2.547 
3.. 57 11 
2.6645 
0..5653 
1.5650 


0.8754 

0.7780 

0.5392 

3.5048 
0.8888 
4.2975 

1.5048 


10.3612 

0.8.5.39 

10.8142 

0.4932 

0.9536 


2.6645 


1.8361 
10.7594 
0.7319 
1.1766 
1.2241 
1.1327 
1.9365 
10.5797 
1.6725 
2.6459 

1547 
1.0404 
10.9177 
.2851 
.5298 
0.8931 

3.8362 


.3287 

.2474 

.2088 

.7970 

.2798 

..3753 

.7690 

.6390 


AXA'=B and BXB'=s A 

« Phcnolphthaiein indioAior. 
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XVIII.— CONVERSION FACTORS (Continued) 


A 

B 

A' 

B' 

A 

B 

A' 

B' 

Cl 

CsCI 

4.7454 

0.2107 

C^O, 

Mk(HC()3)2 . 

1.6629 

0.6013 

Cl 

IICl 

11 ()2S-1 

0.9724 

CO, 

M i?() '. . . 

0.9164 

1.0913 

Cl 

H2S04 

tmm 

0.7230 

CO 

Mn(Xb 

2.6121 

0.3828 

Cl 

I 

3.5792 

0.2794 

CO, 

Mn(IICO,) 2 .. 

2.0108 

0.4973 

Cl 

K 

1 . 1027 

0.<K)69 

COa 

MnO 

1.6121 

0.6203 

Cl 

KCl 

2.1027 

0.47.56 

CO 2 

NiijCOi 

2.4091 

0.4161 

Cl 

KCIOs 

3 . 45^33 


CO 2 

NailCOa 

1 .9093 

0.5238 

Cl 

KCIO 4 

3 fK)75 


(X)2 

Na 2 »S 04 

3.6667 

0.2727 

Cl 

Li 



CO 2 

NiiaO 

1 4091 

0.7097 

Cl 




CO 2 

(NHOaCXJa.. . 


0.4579 

Cl 


1 .3429 

0.7447 

C()2 

PICO, 

6.0705 

0.1647 

Cl 

MgCl.-GHaO 

2.8672 

0.3488 

CO 2 

RljjCX), 

5.2477 

0.PK)G 

Cl 

MgO ill 



CO 2 

1 R>IIC 03 

3.3273 

0.3006 


MgCl, 

o.ima 

1.7590 

CO 2 

R1)..0 

4.2478 

0 . 2:154 

Cl 

MnO, 

1.22r)7 


CO .2 

SrCO., 

3 :}551 

0.2981 

Cl 

Na 

0.6486 

1 .5417 

CO 2 

Sr(II(JOa )2 . . 

2.:}S2.‘} 

0.4198 

Cl 

NaCl 

1.6486 

iVtfiimi 

COj 

SiO 

2.:}.5.'>0 

0.4246 

Cl 

NaClOa 

3.0023 


C 02 

ZnCOa 

2.8403 

0.3510 

ni 

NnClO- 

3 4535 






• • • 

Cl 

NIL 

0.5088 


Cr 

BaC’K)^ 

4 8651 

0.2055 

Cl 

ijnifswMi 

1..50S8 

0.6628 

(V 

CV..Oa 

1 . -1(>U6 

0.6846 

Cl 

Rh. 

2.4098 

0.4150 

Cr 

Pb'Cr()4 

6.2i:}0 

0.1600 

Cl 

Rl)Cl 

tlPlTOl 

0,2933 

Cr 

K»Crj07 

2.8029 

0.3535 

Cl 

Sn in SnClj. . 


1.1919 

CrjO 

BaCrba 

3.3308 

0.3002 

Cl 

SnCl4 



Cr.O 

CrO, 

1 .3157 

0.7602 

Cl . . . 

PbCl, 

{fCt/ilr] 


Cr..O 

PI)Cr 04 

4.2513 

0.2352 

Cl 

PbCr 64 



CKla 

BaCr 04 

2.5322 

0.3949 

Cl 

ZnCl, 

iQ 


CrOj 

KaCrOa 

1.9411 

0.5162 



■mhI 



lir«Cr«0.r 

1 4708 

0 6800 

Co 

CoNOj-OHiO 

4.9361 

0.2026 

CrO, 

PbOrO. 

3.2233 

0.3097 



7.6706 

0.1304 





^JO 

(KNOa)! 

Cs 

C Cl 


0.7893 

Co 

CoO 

1.2714 

0.786(> 

Cs 

CsjO 


0.0432 

Crt 

C 0304 

1.30.53 

0.7661 

Cs 

CsiCO* 


0.8167 

Co 

CoSa-TILO 

4.7677 

0.2097 

Cs 

Cs^« 

1.3617 

0.7344 

CoO 

C 03 O 4 

2.0680 

0.9336 

CsPtCl* 

Cs^ 

[iKieilsI 

2.5351 





f’l^PfCL 


0.4182 

2.3911 


HnCO. 

4 48.57 

0 2229 




v/wi 

i3Ur\vV/3 .«■■■■ 

BaO 

3.4857 

0.2869 

Cu 

CuO 

1.2517 

0.7989 

COf 

Ba(HCO,)a .. 


0 . 339 :} 

Cu 

CuaO 

1.1258 

0.8888 

CO, . . 

c..' . 

liwwfi 

3.6667 

Cu 

CU 2 S 

1 .2522 

0.7986 

CO, 

CaCOj 

2.2743 

0.4397 

Cu 

CuSO* 

2.5112 

0.3982 

CO, 

Ca(HCO,)» .. 



Cu 

CuS04-6II»0 

3.9283 

0.2546 

CO* 

CaO 



CuCNS 

Cu 

0.5226 

1.9137 

CQ, 

COa 



CuCNS 

CuO 

0.6541 

1.6288 

CO, 

CsCOa 

7.4005 

0.L351 

CuO 

CuSOa 

2.0062 

0.4985 

CQ, 

FeCOa 

2.6327 


CuO 

H 2 SO 4 

1.2327 

0.8112 

CQ, 

Fc(HCO,)j.. . 


0.4948 

CuO 

CuS 04 * 6 HaO 

3.1383 

0.3186 

CO, 

II,S04 



CuS 

s 

0.3353 

2.9822 

CQ, 

KjCOa 


LlKilall 

Cu*S 

CuO 

n 9996 

1.0004 

CO 4 

KiO. 


0.4671 

Cu*S 

CujO 

riKtnnl 

1.1122 

00 . 

f.l'CO. 

1 6818 

0 5946 





/2 

CO 2 

LiHCOj 

1.5467 

o!6470 

CrsQa 

Er 

0.8746 

1.1433 


• A-O 

iWiTlT:! 

1 4667 




vA/f 

CO, 

MgCOa 

1.9164 

0.5218 

F 

BaSiFa 










AXA'=BandBXB'=A, 























2.0545 0.486S FeS* 

3.5827 0.2701 FCSO 4 IIjSO« 

1.0531 0.94U0 FeS()4-7H*0. 

1 . 2000 0 . 7890 Fc 2(SC)4), HiSO^ 

1 . 9342 0.5170 FcS()4(NH4)2 
2 . 2105 0 . 4521 SO 4 ■ 011*0 NiijiCrjO* 




2.2701 

0 4405 
0.2(K16 
0.3140 

4.8- 

3.1! 

410 

151 


I 



1 

1 


4.9' 

rs9 

0.2(X)8 



1.8706 

1.5487 

2.8345 

1.3500 


Fe.(titr.cyuiv.) 

Fe 

FcCOs 

FcdlCO,)*.. . 

FcO 

FeO 

FeO 

IM) 

FoO 

FeO 

F<^0 

FlKJ 

FeO 

FcO 

FcjOj 

FcaOs 

Fc*03 

Fc!* 0 , IFedlCOs) 

FciiOs 

FcjO* \ 

Fe*0» 

FejO, 

FeaO> 

Ferf), FeS04- 711,0 

FeiO» FeS 04 (NH 4 ), 

S 04 - 6 H ,0 

Fe,0» 

Fcrf)t 

Fe*0» 

FeP04 

FeS 

FeS 

FeS 

FeS 

FeSi 


0.1424 

1.7721 

1.2788 

2.0327 

2.0211 

2.1088 



VeiOt. 


Ga,0, Cla 0.7444 1.3434 

Ga,S 3 Ga 0.5023 1.6882 


KsGeF. Go 


0.0938 1.4414 
0.2739 3.6510 


G1 0.3620 2.7582 

Gl(::i2 3.1881 0.3137 

G1.S04' 411,0.. 7.0007 0.1416 


\!1,G0 


8.a363 
0.5643 
1 .3324 
2.3195 
3.9.m5 
1.3720 
0.9724 
1 2893 
1 7280 
1.1255 

1 :i44S 

2 0445 
1.2915 
1 . 0(«0 
1.45:13 
1 .4069 
1.7882 


0.1119 

1.7721 

0.7505 

0.4:111 

0.2544 

0.7288 

1.0284 

0.7756 

0.5787 

0.8885 

0.74:16 

0.4891 
0.7743 
o 02:19 
0 6881 
0.6817 
0.5592 


1100,11 

11,804 

HF 

BaSiF, 

HF 

CaF, 

HF 

CaS04 

HP 

F 

HP 

H,S04 

HP 

Ka&iF, 

HP(2HF). . . 

H,SiFe 

HF( 6 HF). . . 

IlzSiFe 

H 15 

HkCI 

Hg 

HgCl, 

Hg 

HgO 

Hg 

HgS 

HgCl 

Sna, 

HgCl 

SnCU 

HgCl, 

HgCl 

HgCl, 

HgS 



AXA'-B and BXB'-A. 
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XVIIT.— CONVERSION FACTORS (Continued) 



AXA'"B and BXB'« A 
* Phenolphthaleia. 
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TABLES AND USEFUL DATA 

XVIII.— CONVERSION FACTORS (Continued) 



• Phonolphthalrin. t Methyl Orange. 

} Titration of yellow preeipitato, ammonium phoaphomolybdate. 






















TABLES AND USEFUL DATA 

XVni.— CONVERSION FACTORS (Continued) 


KI K 

KMn04 M 

KNO, 

KNO, 

KNO, 

KNO, 

KNO, 

KOH 

KOII 

KOn 

K 2 O 

K,0 

K,0 

K 2 O 

K,0 

K 2 O 

K,0 

K,0 

K,0 

K,0 

K,0 

K,() 

K,0 

K.O 

K,0 

KjO 

K/) 



K 2 PI.CI, 

KaPtClr, 

K,Pf(^l, 

K,Pt(’l« I 

K,P(Clr, 

KjPtCl, 

K,PIC1« { 

K,PtCI, 

KsPtCI,.. .. 

KiPtCJ, 



K,SiF, 

KsSiF, ...... 

KjSiF, 

KjSiF, 

K,SiF, 

K,.SiF. 

KgSiO, 

K*S04 

K*S 04 

K,S04 

K-iSO, 

KjSO, 

K,S04 

K:^4 I 


A' B' 


1.1727 0.8528 



AXA'=B and BXB'=A. 
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XVm.— CONVERSION FACTORS (Continued) 



Mg,Prf)7 P,0.. . . 

MgS04 BaS 04 . 

MgS04 H,S04.. 

MKSO 4 SO,.... 

MgS04-7H,0 SO,.. . . 
MgS04 -7H,0 WaS04. . 


Mn iMnCO 

Mn 

Mn 

Mn 

Mn |Mn,P,0 

Mn 

MnCO, 

Mn(HCO,),. . 

MnO iMnCO 

MnO 

MnO 

Mn() 

Mn,0, IKMnO 

Mn,0, 

Mn/), MnSO,. 

Mn,0, S 

Mn ,04 K2MnO 

MnSO, 

MiiSO, 


P,M«0 


0.6379 1.5676 
1.9389 0.5158 
0.8147 1.2274 
0.6651 1.5036 
0.3248 3.0786 
0.9469 1.056 



N INaNO 

N 

N 

N 


Na 

Na 

Na 

Na 

Na 

Na NaiCO,.. 

Na NaF 

Na NaHCO,. 


2.0923 0 
1.2913 0 
1.4369 0 
1.3884 0 
2.5846 0 
1.5838 0 
0.3828 2 
0.4973 2 
1.6203 0 
1.1128 0 
1.2266 0 
1 . 1289 0 
2.0721 0 
0.9662 1 
2.0398 0 
0.2032 4 
2.5848 0 
1.5458 0 
0.5303 1 


.4779 

.7744 

.6959 

.7203 

.3869 

.6314 

.6121 

.0108 

.6172 

.8987i 

.8153 

.8859 

.4826 

.0349 

.4902 

.9224 

.3869 

.6469 

.8858 



4.4981 0 
3.2841 0 
2.7131 0 
3.2841 0 
3.8551 0 
6.0678 0 
1.2155 0 
6 9665 0 
2.8576 0 


.222:1 

.:J045 

.3686 

.3045 

.259-1 

.1648 

.8227 

.1435 

.3499 


3.4748 

1.5417 
5.5182 
4.4747 

2.5417 
2.3044 
1.8261 
3.6525 


Na 

Na 

Na 

Na 

Na 

NajAIzO,. . . . 
Na«Al2(S04)4 
•24H,0 

Na2B40r 

Na,B407 

Na,B 40 , 

• 1011,0 
ditto 
ditto 

NaBr 

NaBr 

NaBr , 

NaC:i 

NaCl 

NaCl 

NaC:! 

NaOl 

NaCl 

NaCl 

NaCl 

NaC;i 

NaCl 

NaCl 

NaCl 

NaCl 

NaClO, 

NaClO, 1 



Nal. . . 
Na/). . 
NaOH. 
NajSO,. 
Na,S 04 . 
IA1,0, . . 


6.5183 
1.3478 


S 

B/),. . , 
H,BO,. 


|N.*v.S() 


NjisCO, 
NjteCt ), 
NaiCO, 
Na,CO, 


Na,CO 


NajCO,. 

NaaCsO, 

Na-,CK )4 

NajCraO 

NajC^rsO 

Na,Cr,0 


NallCO 
NallSO, 
NaOH . 


PbCr04 


NajCrO 


MejAs/) 


Mg, As/)? 



AXA'bsB and BXB'«sA. 
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NaaHAsO,. . . 

AsaO, 

NaHCO,.... 

A1,(S04),. . . . 

NaHCO,*... 

CaCHaPO,),. . 

NaHCO,*... 

CaHaPaO,. . . 

NaHCOa. . . . 

c,h,o, 

NaHCO, 

COa 

NaHCO,. . . . 

HaSO, 

NaHCO,. . . . 

KaAlaCSO,),. . 

NaHCO,.... 

KHC4lI,0. . . 

NaHCO, ... 

KMnO, 

NaHCO,. . . 

Na 

NallCO.^ . . 

NaaCO, 

NallCO,*. . . 

NaHaPO,. . . . 

NaHCO,*. . . 

NaallaPaO,. . . 

NalKX),. . . . 

NaaO 

NallaW,*.. . 

HaSO, 

NallaW),*.. . 

NaHCO, 

NallaK),*.. . 

NaHaPO, 


-4IIaO 

NalTaPO,*. . . 

NaaO 

NallaPO,*.. . 

P 

NallaPO,*.. . 

PaO, 

NaaHlX),t.. . 

HaSO, 

NaalllX),. . . . 

NaallPO, 


- 12IIaO 

NnalirO,.. .. 

NaaO 

NaainX),.... 

PaO, 

NaallaPaOy. . , 

NallCO, 

NaallaPaO?.. . 

NaaO 

NaallaPaOr.. . 

PaO, 

Na(NH,) 


IlPO, -411,0 

'PaO.. 

Na.,PO, 

HaSO, 

Na,PO, 

MgaPaO, 

Na,PO, 

NjlaO 

Na^POd 

NaaSOi 

NaaPO, 

NaaPO, 


- 1211.0 

Na.,PO, 

PaO, 

NaHSO, 

HaSO, 

NallSO, 

llaSO, 

NallSO, 

NaCl 

NaHSO, 

NaaO 

NaHSO, 

NllaSaO, 

NaHSO, 

SO., 

Nal 

Na 

Nal 

NaaO 

NalO, 

I 

NaNO, 

UNO, 

NaNO, 

HaSO, 

N.aNO, 

KNO, 

NaNO, 

NaNOa 

NaNO, 

NaaO 



NaNO,. 

NaNO,. 

NaNO,. 

NaOH. 

NaOH. 

NaOH. 

NaOH. 


XVIII.— CONVERSION FACTORS (Continued) 


0.7011 1.4264 
0.6793 1.4721 
1.3938 0.7175 
1.2866 0.7773 
0.8931 1.1197 
0.5238 1.9039 
0.5838 1.7129 
1.0251 0.9756 
2.2395 0.4465 
0.4717 2.1260 
0.2740 3.6525 
1.2618 0.7925 
1.4291 0.6997 
1.3219 0.7565 
0.3690 2.7099 
0.4068 2.4.58:1 
0.6997 1.4291 

1 .6003 0.6249 
0.2582 3.8728 
0.2.5S5 3.8678 
0..5917 1 .6900 
0.3453 2.8964 

2., 5220 0.3965 
0.4365 2.2911 
0..5001 1.9995 
0.7.565 l.:i219 
0.2792 3.. 5822 
0.6:197 1.5632 

0.. 3.395 2.94.52 
0.2990 3.3448 
0.6789 1.4731 
0.5669 1.76:19 
1.2991 0.7698 


.3179 0. 
.4:1.31 2 
.24:12 0 
.4712 2 
.5617 1 
.2979 3 
.9i:i4 1 
.61.56 1, 
.1534 6, 
.2068 4, 
.6413 1. 
.7413 1. 
.5769 1. 
.1894 0. 
.8117 1. 
.3647 2. 


.4314 
.3091 
.4485 
. 1222 
.7803 
.: 574 
.0948 
.624^1 
..5183 
.8:150 
..5.594 
..3490 
.7.334 
.8408 
.2319 
.7423 


NajO. . 
Na,©.. 
NojO. . 
Na20. . 
Na,0. . 
NajO. . 
NaaO.. 
NaiO. . 
Na,(). . 
NagO. . 
NaaO. . 
N.aaO. . 
NaaO. . 
NaaO. . 
NaaO . . 
NaaO. . 
NaaO. . 
NaaO. . 
NaaO. . 
NaaO*. 
NnaO. . 
NaaS.. . 
NaaS.. . 
NaaS. . . 
NaaS.. . 
NaaS.. . 
NoaSO,. 


NH, 

NO 

NaO, 

HaSO, 

NaaO 

NaaSiF, 

(NH4).P0, 

(MoO,)ia 

BaSO, 

CHsCOaH. . . 
CHaCOaNa. . 

IlaSO, 

Na 

NaCl 

NaaCO, 

NaF 

NallCO, 

NaanR)4 

NaIIaP 04 

NaaHal’aO?.. • 

NaHSO, 

NaNO, 

NaOH 

NaaW, 

NaaS 

NaaSO, 

N.aaS04 

PaO, 

SO, 

llaSO, 

HaS 

HaSO, 

NaaO 

S 


0.2004 

0.3530 

0.6353 

1.2258 

0.7748 

0.8499 

2.0400 

3.7a51 

1.9365 


NaaSO, 

NuaSO, -711,0 

NaaSaO, 

NagSaO, 

NaaSO, 

NaaSO, 

NaaSO, 

NaaSO, 

NaaSO, 

N.laSO, 

NaaSO, 

NaaSO, 

NaaSO, 

NaaSO, 


HaSO, 

HaSO, 

I 

NsiaO 

SOa 

SOa 

HaSO, 

NaaSaO, 

•51IaO 

HaSO, 

(^aO 

CIIaCOaNa. . 

HaSO, 

MfiO 

AlgaPaOr I 

Na 

NaCl 




ffii 

m 

M 



1 

1 



AXA'=B and BXB'=A. 


* Fhonolphthalein. 


t Methyl Orange. 










TABLES AND USEFUL DATA 

XVIII.— CONVKllSION FACTORS (Continued) 


NallSO 


UNO,. 
ILSO 4 . 
N. . .. 


(Nii,)jim)4. 

(Nii4)ii*m. 

NH 4 OH 

(NH4),PtCU . 
(NH4)^04. . . 

N, 0 ^ 

jAlsiO, 

S 

IICl 

H,S04 

MfePjO, 

NH, 

MftPjOr 

NH, 

H,S04 


0.1127 8.1 
0.1414 7.1 
2.6793 0.1 
0.6628 1.1 
0.6817 1.' 
0.9167 l.( 
0.9675 l.( 
0.1480 6.' 
0.8428 1. 
0.2578 3.! 
1.8832 0.! 


P. 0.0165 60.475 

PjO, 0.0378 26.424 

UNO, 0.2840 3.5215 

Pt 0.4393 2.2701 

PtCl, 0.7589 1.3177 

ILSO 4 1.4392 0.6948 

B 11 SO 4 1.7665 0.5661 

H»S04 0.7422 1 .3473 

N 0.2120 4.7162 

Nil, 0.2578 3.8790 

NjO, 0.8174 1.2234 

ir,S()4 0.4298 2.3268 


NiS04-7FM) 


4.0487 

.9594 

.6579 

1.0798 


2.078710.4810 


0.8262 

HCi 0.7928 1.2617 

UNO, 1.3697 0.7301 

HsSO, 0.9820 1.1210 

H 2 SO 4 1.0659 0.9382 

N 0.3045 3.2841 

NO 0.652:1 

IICI 

HNO, 

H,SO, 

H 2 SO 4 

KNO, 

NaNO, 

Nil, 10.3153 

NO 


OsO, 1.3353 0.7489 


H,lXl4 

MgiP^O, 

NalliPO,.. . . 
(NH4),P04 
(MoO,),4 

P2O, 

A11*04 

AI 2 P 2 OR 

CaHPO, 

Ca(Il 2 P 04 ) 2 . . 
CallsPjO,. . . 

0a3P20, 

I’cPO, 

n.,i»04 

1 I 2 SO 4 


3.1593 0. 
3.5877 0. 
3.8678 0. 


60.476 

2.2887 

1.7197 

1.7193 

1.9161 

1.6483 

1.5214 

2.1839 

2.1239 


AXA'=B and BXB'=aA. 


* Fhenolphtlialeiii. 
























TABLES AND USEFUL DATA 

XVIII.— CONVERSION FACTORS (Continued) 


P 2 OS MrjPjOt. ... 1 . 5(>7(> 0 . 6379 

P 2 O 6 Na-JU'O^ 1.9996 ().. 5001 

P206 NmH*1>04.. . . 1.6(KX) 0.6917 

P»06 NaJl^PaOr . . 1 . 5632 0 . (>397 

PsOi Nu(NII,) 

II PO 4 -41120 2.9452 0.3395 

P 2 O,* Na^O 0.8727 1.1458 

P 2 O 5 Na.,l ’04 2.3091 0.4331 

P 2 O 6 (N 114 ), 1*04 

(Mo03),2 26.424 0.0378 


1 . 5(576 0 . 6379 Pl)S04 (PbC03)2Pb 


(Oil)* 0.8525 1.1731 


1.6(KX) 0.5917 PbS04 PbO* 0.7887 1.2679 

1.5632 0.(5397 PI)S04 Pb*04 0.7535 1.3272 

iPI)S04 PbS 0.7889 1.2676 


Pb CIIjCX)*!! . . 

Pb p»>(C2rr,o*)2 


0.8727 1.1458 Pd KjPdCl* 3.7270 0.2683 

2.3091 0.4331 Pd PdCl*- 211*0 . 2.0024 0.4994 

Pd Pdl* 3.3791 0.2959 

26.424 0.0378 l*d J’d(N03)*.. . . 2.1623 0.4625 

I Pd Ill 2.3970 0.4170 

0.5797 1.7249 Pd. 


1 2.3790 0.4203 


1 . 5700 0 . 6369 IM I* I II 0 . 7096 1 . 4092 


Pb PbCl* 1.3424 0.7449 Pdl* 1 0.7040 1.4204 

Pb PbC (^3 1.2897 0.7754 

Pb (PbC03)*Pb Pt K*PtCI« 2.4921 0.1609 


(PbC03)*Pb Pt K*PtCI« 2.4921 0.1609 

(OH), 1.2479 0.8014 Pt II,PtCl, -611,0 2. 6558 0.3765 

Pb PI>CK )4 1.5601 0.6410 Pt (NH 4 )*PtCl* . 2.2761 0.4393 

Pb PbO 1.0773 0.9283 Pt PtCb 1.7266 0.6792 

Pb PbO* 1.1645 0.8662 Pt PtCb-SHjO.. 2.1881 0.4670 

Pb Pb(OH)* 1.1643 0.8589 PtCU K,PtCl» 1.4427 0.6931 

Pb PIkS 1.1549 0.8659 PtCU (NIl4),PtCl« . 1.3177 0.7689 

Pb PbSO* 1.4639 0.6831 PtCU-SHjO.. K*PtCl, 1.1383 0.8786 

Pb S 0.1548 6.4699 

PbCl* Cl* 0.2651 3.9202 Pr Pr*0, 1.1707 0.8542 

PbCO, CO* 0.1647 6.0705 

PbCr 04 Cr 0.1612 6.2034 Rh Na,RhCI«.. . , 3.7382 0.2676 

PbCi 04 Cr, 0 , 0.2362 4.2531 Rh RhCl, 2.0338 0.4917 

PbCr04 Na,Cr04 0.5014 1.9944 

PbCr04 Pb 0.6410 1.5600 Rb AgCl 1.6775 0.5961 


PbCrO* Pb(C*H,0*)* 

.3H,0 1.1733 0.8523 

PbCr04 (PbC03)*Pb 

(OH), 0.7996 1.2505 


ItD AgtJl 1.6775 0.5961 

Rb Cl. 2.4098 0.4150 

Rb RbCl 1.4160 0.7067 

Rb RbCO, 1.3510 0.7402 

Rb Rb*0 1.0937 0.9144 


PbCrO* PbO 0.6905 1.4482 Rb Rb*S 04 1.5622 0.6402 


PbCrO* Pb ,04 0.7070 1.4142 


Rb*PtCl«. . . . 3.3862 0.2952 


PbCr04 PbSO, 0.9383 1.0657 RbCl AgCl 1.8660 0.8436 

PbMoO*. ... Pb 0 . 5642 1 . 7722 RbCl Cl 0 . 2933 3 . 4098 

PbMoO* Mo 0.2615 3.8241 Rb*CO, RbllCO, 1.2686 0.7883 

PbMoO* MoO, 0.3923 2.5491 R1),0 RbCl 1.2939 0.7729 

PbO PI>C1* 1.2461 0.8025 Rb ,0 RIj,S04 1.4284 0.7001 

PbO PbCO, 1.1972 0.835:1 RbPtCI. RbCl 0.4178 2.3938 

PbO Pb 0.9283 1.0772 RbPtCl, Rb,CO, 0.3987 2.5071 

PbO PbCl* 1.2461 0.8026 RbPtCI, RbHCO, 0.5060 1.9762 

PbC PbCO, 1.1972 0.8363 RbPtCI. R 1}*0 0.3229 3.0972 

PbO Pb(NOi) 2 .... 1.4842 0.6738 

PbO PbSO« 1.3589 0.7369 S BaSO. 7.2791 0.1374 

PbS Pb 0.8659 1.1549 S H*S 1.0629 0.9388 

PbS PbO 0.9328 1.0720 S H*S04 3.0585 0.3270 

PbS S 0.1341 7.4677 S FeS 2.7412 0.3648 

PbSO, BaSO, 0.7700 1.2987 S FeS* 1.8706 0.6346 

PbS 04 Pb(C,H,()*)* S Na,S 2.4344 0.4108 

•311,0 1.2507 0.7995 S Pb 6.4599 0.1548 


AXA'=B and BxB'bsA, 
* Fhenolphthalein* 
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XVIII.—CONVERSION FACTORS (Continued) 


A 

B 

m 

B' 

A 

B 

ra 

B' 

s 

SO 2 


0.6006 

SiOa 

K,SiF* 

3.6567 

0.2736 

s 

soi 

2.4967 

0.4006 

SiOa 

K»SiO, 

2.5622 

0.3903 

6502 

niuso 4 

3.6430 

0.2745 

SiOa 

SiK 

1.7296 

0.5782 

soi 

C;a(HSOa) 2 . . . 

1.6783 

0. 63:^6 

SiOa 

SO 3 

0.7727 

1.2942 

sol 

HaSOi 

1.2812 

0 . 7806 

Sida 

Si(OIT)4 

1.5975 


soi* 

II 2 S 04 

1.6309 

0.(i532 

SiOi 

Zn'SiO, 

2.3495 

[iltkMa 


T-l ^20 







0 IJ 2 T 

SOj 

11201^4 

NaHSOs. . 

U. f (Kit) 

1 6244 

1 . oUU^ 

0 6156 

Sn 

CI 2 

0.6975 

1.6771 

S 02 

NaaSOa 

1 . 9677 

0 6082 

Sn 

Sn(3, 

1.6974 

0.6261 

so, 

Na,SO,. 711,0 

3.9360 

0 2541 

Sn 

Sn(3,.211,0. . 

1.7.325 

0.5772 

so, 

A 1203 

0.4266 

2.3504 

Sn 

SnCl, 

2.1946 

0.4555 

KO 3 

AbfSOAg 

1.4256 

0.7015 

Sn 

SnO 

1 . 1348 

0.8812 

so, 

BujW),.’.' 

2.915r) 

0.3430 

Sn 

SnO, 

1.2696 

0.7877 



0 7003 


SnCli 

Cl 

0 3710 

2 6738 

KO 3 . . . 

CaSOi 

i;7663 


SnCU 

IlCl 

0.3847 

2.6000 

S()3. . . 

IT 2 SO 4 

1.2260 

0 8 ia 3 

SnCb 

FcjC ).T 

1 .0962 

0 . 91:30 

SOs 

K2S()4 

2.1765 

[HRiSOfi 

SnCb 

SnCl, -211,0.. 

1 .0846 

0.9221 

S 03 

Mg()(in 



Sndi 

Cl 

0.5444 

1.8369 


MgSO^) 

0.5036 

1.9859 

SnCl, 

H(U 

0.6.568 

1.7v)59 

so, 

MftSO, 

i..5o:«i 

0.6651 

SnO, 

SnCl, -211,0. . 

1.4974 

0.6678 

SO 3 

MnS(J 4 

1.8858 

0.5303 

SnOa 


1.7288 

0.5784 

SO, 

Na 20 

0.7743 

1 2916 

SnO, 




soi 

Na2S04 

1.7743 

iMfiSTnl 



2.4389 


sol 

06® 0 . V 

1 3146 


SnO, 


0.8938 










#3 

SO 4 . 

iJllOV^4« .«•••« 

BaS 04 


n|fm| 

Sr 

SrCOa 

1.6848 

0.6936 

SO, IICl. . . . 

II 2 SO 4 

1.2626 

0.7921 

Sr 

SrO 

1 . 182(5 

0.8466 

s,o»ci, 

II,S04 

1.368:1 

0.7309 

Sr 

SrS()4 

2.0963 

0.4770 




.SWI 

Sirr3« 



Sb 

KSbOC4n406 



SrSOa 

S 03 

L . 

0.4357 

\/ . (.ItjOiJ 

2 2943 


•.iH20 

2.7649 

0.3617 




■■■■■ 

Sb 

SbCls 

1.8860 

0.6306 

Ta 

TttCI, 

1.9767 

iKiilfUi 

Sh 

si>,o, 

1 . 1997 

0.8336 

Ta 

TazOb 

1 .2162 


Qli 


1 33‘2S 

0 7603 




lAiliiil 

oil 

Sb 

k7Ll2^-^6 

SbaSa 

1.4002 

0.7142 


H 2 TCO 4 

1.5177 

0.6687 

Sb 

Sb 204 

1.2662 

0.7897 

To 

II 2 T 0 O 42 H 2 O. 

1.8003 

0.6664 

Sb20s 

Sb206 

1.1109 

0.9001 

To 

TeOa 

1.2509 

0.7994 

Sb,S, 

SbCls 

1,3462 

0.7428 

To 

TeOa 

1.3765 

0.7265 









Sc 

IlaScOa 

1.6316 

0.6129 

ThOa 

Th 

0.8790 

1 . 1379 

Sc 

IliiScO, 

l.8;i:i6 

0.5454 

ThOa 

ThCl, 

1.4155 

0.7065 

Se 

ScO, 

1.4040 

0.712;i 

ThO, 

Th(NO,)4 



Sc 

ScOa 

1.6060 

0.6227 


-6IT,0 

2.2226 

0.4492 

Si 

SiOa 

2.1307 

0.4693 

Ti 

Ti(^2 

1.6662 

0.6005 



1 2663 

0 7903 





01 

Si 

oiv^a ........ 

Si 04 

1.5307 

0 . 66:13 

T1 

TlCl 

1 . 1738 

0 8619 

SiF4 i 

BaSiF« 

2.6814 

0.3729 

Tl 

TlaCOa 

1 . 1470 

0.8718 

SiF, 

lljSiFa 

1.3837 

0.7227 

Tl 

Tli 

1.622 

0.6165 

SiF4 

KaSiFa 

2.1141 

0.4730 

Tl 

TlNOa 

1.3040 

0 7669 

SiF« 

HaSiFa 

1.0141 

0.9860 

Tl 

TI 2 O 

1.0392 

0 9623 

Si()2 

l^aSiFe 

4.6380 

0.2156 

TUCvOa 

Tl 

0.7786 

1.2843 

SiOi 

HjSiOa 

1.2988 

0.7699 

TrHS04 

Tl 

0.6776 

1.4759 








AXA'=«B and BXB'=A. 


* Phenolphihaloin. 


t Methyl Orange. 


































TABLES AND USEFUL DATA 

XVIIL— CONVERSION FACTORS (Continued) 


fil7 


A 

B 

D 

B' 

TU 

T1 

0.6165 

0.5000 

0.5869 

0.5738 

0.8111 

0.66‘X) 

0.51^6 

0.6178 

0.8094 

1.6222 

1.9999 

1.7038 

1.7435 

1.2329 

1.5337 

1.9244 

1.6187 

1.6187 

TlJ*tCl, 

T1 

TljPtCU 

TljPtCle. 

Tijncu. 

ThPtCl^.... 

’HiPtCU 

TliPtCU 

TlaSOd 

TlCl 

n,co, 

TII 

TINO, 

TliO 

'n,so4 

T1 



uo* 

u 


1.1342 

1.1789 

1.0394 

0.5594 

1.4990 

1.3216 

UsOg 

u 

UsOi 

UOj 

u,o 

U,PAi 

UO,(NO,), 

•6H^ 

u 

U,P,0„ 

uo, 

Vrf), 

naiiiiiii 

0.6024 

0.5604 

1.2638 

1.6276 
1.7843 
0.7913 ! 

VjOg 


ViOh 




YbjOj 

Yb 

0.8775 

0.7876 

1.1396 

1.2697 

YjOi 

Y 



W 

PbWOd 

3.4477 

0.8519 

0.2900 

1.1739 

WQi 

W 




WOa. 

WO,. 


Zn.... 
Zn. . . . 
Zn.... 
Zn.... 
Zn.... 
Zn.... 
ZnCl,. 
ZnCl,. 
ZnCl,. 
ZnO.. 
ZnO. . 
ZnO. . 
ZnO.. 
ZnO. . 
ZnO. . 
ZnO. . 
ZnO. . 
ZnS... 
ZnS... 
ZnSiO, 
ZnSO,. 


IZrO,. 


B 


W 

PbWO,. 


H,S04 

SO, 

ZnCl, 

ZnO 

ZnPtOr 

ZnS 

NaCl 

II,S04 

SO, 

ZnCU 

ZnCO, 

ZnPrf), 

ZnS 

ZnSO, 

ZnS04-7H,0 

BtiSO, 

ZnS04-7H!i0 

SiO, 

SO, 


Zr. 


0.7931 

1.96101 


1.2609 

[0.5099 


1.5004 

1.4229 

2.0849 

1.2448 

2.3309 

1.4900 

2.1035 

[0.5204 

0.8579 

1.2054 

0.9840 

1.6749 

1.5407 

1.S726 

1.1975 

1.9840 

3.5340 

2.3957 

2.9510 

0.42.W 

[0.4900 


0.7390 


B' 


.6665 
.8164 
.4796 
.8034 
.4290 
.6709 
.4754 
.9217 
. 1656 
.8296 
.0162 
.5970 
.6490 
.5340 
.8351 
..5040 
.2830 
.4174 
.31189 
.3495 
.0162 


1.3532 


AXA'=B and BxB'=A. 

Note. — ^The editor 'will welcome additional factors not appearing in these tables. 
A number of factors appearing in this list were taken from Van Nostrand’s Chemical 
Aimual. Olsen. 1913. 

Example of Method for Using Factors. Suppose the product weighed is 0.8535 
gram AgCl and the equivalent weight of Cl is desired: hunt up the factors AgCl-Cl. 
This may be found on the first page of the conversion factors, a little below the middle 
of the page. Using the formula AxA'^B, and substituting the values for A (weight 
of AgCl) and A* (factor) we have 0.8535 X0.2474 =0.21124 gram Cl. If on the 
other hand, the wei^t of Cl were known to be, say, 0.2501 gram and the weight of 
the equivalent AgCl were desired, we would use the formula By.B*=A and, sub- 
stituting the values for B and B\ we would have 0.2501 X4.0423 = 1.01098 gram AgCl. 

VOLUMETRIC FACTORS 

1 cc. N/2 HC1= .018185 gram HCl. 

1 cc. N/10HC1=» .003637 gram HCl. 

1 cc. N/2 KOH=» .028 gram KOH. 

1 cc. N/6 KOH=.047 gram oleic acid^s .(X)8133 gram HaSO,. 

1 cc. N/10 KOH-.0056 gram KOH. 

1 cc. KaCraOr 3.8633 gram per liters .0038633 gram KaCr,0;— .010 gnun I. 

1 oc. N/10 NatS,O,+5HiO».0248 gram Na,S,0,+5H,0=: .01265 gram I. 
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XIX.— COMPARISON OF CENTIGRADE AND FAHRENHEIT SCALE 


“C. 

-IOC 

-0 

+0 



+300 

h400 


■ 

+700 

+80C 

+900 

°C. 



p. 

WtSM 



P. 

F. 



F. 

P. 

F, 


0 

-148 

+ 32 

■El 

+212 

392 

572 

752 

932 

1112 

1292 

1472 

1652 

0 

6 

-167 

+ 23 

41 

221 


581 

761 

941 

1121 

1301 

1481 

1661 

5 

10 

-166 

+ 14 

50 

230 

410 

590 

770 

950 

1130 

1310 

1490 

1670 

10 

15 

-175 

+ 6 

69 

239 

419 

699 

779 

959 

1139 

1319 

1499 

1679 

15 

20 

-184 

- 4 

68 

248 

428 

608 

788 

968 

1148 

1328 

1508 

1688 

20 

26 

-193 

- 13 

77 


437 

617 

797 

977 

1157 

1337 

1517 

1697 

25 

30 


- 22 

86 

266 

446 

626 


986 

1166 

1.346 

1526 

1706 

30 

35 

-211 

- 31 

95 

275 

455 

6.35 

815 

995 

1175 

1355 

1535 

1715 

35 

40 

-220 

- 40 

104 

284 

464 

644 

824 

1004 

1184 

1364 

1544 

1724 

40 

45 

-229 

- 49 

113 

293 

473 

653 

833 

1013 

1193 

137.3 

1.5.53 

173.3 

45 

60 

-238 


122 


482 

662 

842 

1022 

1202 

1.382 

1.562 

1742 

50 

56 

-247 

- 67 

131 

311 

491 

671 

851 

1031 

1211 

1.391 

1571 

1751 

55 

60 

-256 

- 70 

140 

320 

500 

680 

soo 

1040 

1220 

1 14(N) 

1580 

1760 

60 

66 

-265 

- 85 

149 

329 

509 

689 

K09 

1049 

1229 

1409 

1589 

1769 

65 

70 

-274 

- 91 

158 

338 

518 

698 

S78 

1058 

1238 

1418 

1.598 

I 1778 

70 

75 


-103 

167 

347 

527 

707 

SS7 

1067 

1247 

1427 

1607 

1787 

7.J 

80 

-292 

-112 

176 

356 

536 

716 

896 

1076 

1256 

1436 

1616 

1796 

80 

86 

-301 

-121 

185 

305 

545 

725 

905 

1085 

1265 

1445 

1625 

1805 

85 

90 

-310 

-130 

194 

374 

554 

7.34 

914 

1094 

1271 

14.54 

16.34 

1814 


95 

-319 

-139 

203 

383 

563 

743 

92.3 

1 103 

1283 

1463 

164.3 

1823 


100 


-148 

+212 

392 

572 

msi 

932 

1112 

1292 

1472 

16.52 

18.32 


°C. 


-1(}( 

+ 10C 

+1.0( 

4-30( 

-4 KX) 

|'500 

+6(K) 

+700 

+800 

1 

+1000 

°C. 


C- IKK) 1200 1000 14(K) 1500 16!K) 1700 1800 1900 2000 

F“ 2012 2192 2372 2552 2732 2912 3092 3272 3452 3632 

Denroos ( 3. X 1 .8+3 J = I Ickpccs F. Decrees F. — 32 + 1 .8= Degrees C. 

Absolute zero, —273° t-, = —459° F. 


Comparison op Centioradb and Fahrenheit Scale for Evert 1° C. from 

0° TO 100° C. 


c. 

0 

10 

20 

30 

40 

50 

1 

1 00 

70 

80 

90 

c. 


F. 

F. 

F. 

F. 

F. 

F. 


F. 

F. 

F. 


0 

32 

,50 

08 

86 

104 

122 


1.58 

176 

194 

0 

1 

33.8 

51.8 

09.8 

87.8 

100.8 

123.8 

141.8 

1.59.8 

177.8 

195.8 

1 

2 

35.6 

5;j.6 

71.6 

89.6 

107.6 

125.6 


161.6 

179.6 

197.6 

2 

3 

37.4 

.55.4 

73.4 

91.4 

109.4 

127.4 


163.4 

181.4 

199.4 

3 

4 

39.2 

.57.2 

75.2 

93.2 

111.2 

129.2 

147.2 

165.2 

183.2 

201.2 

4 

5 

41.0 

59 

77 

95 

113 

131 

149 

167 

185 

203 

5 

6 

42.8 

60.8 

78.8 

96.8 

114.8 

132.8 

150.8 

168.8 

186.8 

204.8 

6 

7 

44.6 

62.6 

80.6 

98.6 

116.6 

134.6 

152. 0 

170.6 

188.6 

206.6 

7 

8 

46.4 

64.4 

82.4 

UK). 4 

118.4 

136.4 

1.54.4 

172.4 

190.4 

208.4 

8 

9 

48.2 

66.2 

84.2 

1(72.2 

120.2 

138.2 

156.2 

174.2 

192.2 

210.2 

9 

C. 

9 

19 

29 

39 

49 

59 

69 

79 

89 

90 

c. 


100° C.=212°P. 
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XX.— RELATION OE BAUME DltXIRKES TO SPECIFIC GRAVITY AND 
THE WEIGHT OF ONIO UNITED STATES GALW)N AT CK)° F.— LIQUIDS 
LIGHTIOR THAN WATER 
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XXL— COMPARISON OF METRIC AND CUSTOMARY UNITS (U. 8 .). 


Length 

1 inillimetor, mm. =0.03937 inch. 

1 ccntiinctur, ciu. =0.39371 inch. 

1 meter, lu. =3.28083 feet. 

1 meter =1.09301 yards. 

1 kilometer =0.02137 (U. S.) mile. 


1 inch =25.4001 millimeters. 
1 inch = 2.54001 centimeters. 
1 foot = 0.304801 meter. 

1 yard = 0.914402 meter. 

1 mile = 1.60035 kilometers. 


1 square millimotor, sq.mm. 
1 square centimeter, sq.cm. 
1 s<iuarc meter, s<i.iu. 

1 square irieter 
1 square kilometers 
1 hectare 


Areas 

= 0.00155 sq.in. 
= 0.1550 sq.m. 
= 10.704 sq.ft. 
= l.HlOsq.yd. 

= 0.3801 sq.mi. 
= 2.471 acres. 


1 sq.in. =645.16 sq.mm. 

1 sq.in. = 6.452 sq.cm. 

1 sq.ft. = 0.0929 sq.m. 

1 Sfi.yd. = 0.8301 sq.m. 

1 sq.mi. = 2.5900 sq.km. 

1 acre = 0.4047 hectare. 


Volumes 

1 cubic millimeter, cu.mm. = 0.000001 in. 

1 cubic centimeter, cc. = 0.00103 eu.in. 

1 cubic meter =35.314 cu.ft. 

= 61,028 cu.ins. 

1 cubic meter = 1.3079 cu.yd. 


1 eu.in. = 10,387.2 cu.mm. 
1 eu.in. = 16.3872 cc. 

1 cu.ft. = 0.02832 cu.m. 

= 28.32 liters. 

1 cu.yd. = 0.7645 cu.m. 


Capacities 


1 cubic centimeter, cc. 
1 cubic cc'ntimeter 

1 cubic centimeter 

1 liter 
1 liter 
1 liter 
1 hectoliter 


= 0.03381 (IT.S.) liquid ounce. 
= 0.2705 (tr. S.) apothecaries' 
dram. 

=0.8115 (IT. S.) apothecaries' 
seru])le. 

= 1.05(>1>8 (U. S.) licpikl quarts. 
=0.20417 (U. S.) irallon. 

= 0.11351 (IT. *S.) peek. 

= 2.83774 (U. fc5.) bushels. 


1 ounce =29.574 cc. 

1 dram =3.0907 cc. 

1 scru])le = 1.2322 cc. 

1 quart =0.94036 liter. 

1 gallon =3.78543 liters. 

1 peck =8.80982 liters. 

1 bushel =0.35239 hectoliter. 


Masses 


1 gram 
1 gram 
1 gram 
1 kilogram 
1 kilogram 


= 15.4324 grains. 

= 0.03527 avoirdupois ounce. 
= 0.032 1 5 troy ounce, 

= 2.20462 pounds (av.) 

= 2.67923 pounds (troy). 


1 grain = 0.06480 gram. 

1 ounce (av.) =28,3495 grams. 

1 ounce (troy) =31.10348 grams. 

1 pound (av.) = 0.45359 kilogram. 
1 j>ound (troy) = 0.37324 kilogram. 


Table of Equivalents, II. S. Bureau of Standards. For British Imperial Weights 
and Measures see Van Nostrand's Chemical Annual. 


Avoirdupois Weight 

The s>^tem of weights in ordinary use by which common or heavy articles 
are weighed. 

16 drams =1 ounce = 28.35 grams. 

16 ounces =1 pound =453.69 grams. 

25 pounds =1 quarter = 11.34 kilograms. 

4 quarters = 1 hundred weight = 45.359 kilograms. 

1 avoirdupois pound contains 7000 grains. 

1 avoirdupois ounce contains 437.5 grains. 
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Apothecaries* Weight 

The system of wei^ts employed in weighing medicines. 

1 grain s 0.0648 gram. 

20 grains =1 scruple = 1.296 grams. 

3 scruples = 1 drachm — 3.888 grams. 

8 drachms » 1 ounce = 31.103 grams. 
l2oimccs =1 pound =373.236 grams. 

1 apothecaries’ (or troy) pound contains 6760 grains. 

1 apothecaries’ (or troy) ounce contains 480 grains. 

Fluid Measure 

1 minim = .061 61 cubic centimeter. 

60 minims = 1 fluid drachm = 3.696 cubic centimeters. 

8 fluid drachms = 1 fluid ounce = 29..')73 cubic centimeters. 

16 fluid ounces =lpint =473.179 cubic centimeters. 

8 pints = I gallon = 3.785 liters. 

1 gallon contains 231 cubic inches. 

The minim, fluid drachm, fluid ounce and pint are the fluid measures employed 
by apothecaries. 
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XXII.— A TABIiE OF CONSTANTS 

THE UNITED OAS 


All Voliimpfl of Oartefl ftncl Vapors are Riven at 60“ F. and 30" pressure. 


1 . 


NAM». OF 
UAH OK 
VAIMIH. 


Carbon to C’O 
('arboit to COa 
Carbonic Ox.. . 
IlydroRon 
Methane .... 
F.tlianc 

Pnipnnc 

Hiitane 

Pentane 

Hexane 

Kthyleno .... 
Propylene . 
Uutyleiie . . I 
Amylene... .1 
Acetylene. . . 
Allyletie. . . . 
CYoloiiylene 
Hen/ene. . . 

Toliieiie 

Xylene. . 
Mesltyleiie.. 
Naphthalene, 
llydropeii Hiil. 
Ammonia . 
Hydroey. arid. 
(^yanoReii . 
Carbon Hl-Siil 

Methyl Ale 

Kthyl Alcohol 
I'arbonlc Aeld. 

Water 

Hulphiir 1>lox . 
OxyKon . . . 

NltroKcn 

Air 


11 . 

III 

1 

V. 

V T. 

Vll. 

VIII. 


X. 

XI. 

XII. 










Heat of ('omhiHlIun. 



*.» 

xi 

•d 

JO 


■3 

3 

2 


•e3 

. 

Dritlsb 

RTMIlOIi OIC 

u 

4c 


p. Gravity LIq 
at 60® F. 
VV'aier- 1.0. 


u 

Weight 1 Cubic 
Foot In Poun 

alorles per 
Molecular W’l 
In Grams. 

1 hcrmal 

FUKMOLA. 

3 

0 

p. Gravity G 
Vapor at 60 
Air* 1.0. 

*» 

a 

h 

p. Heat Eq. 
at C’onst. P 
Water* 1.0 

ublc Feet pc 
Pound. 

1 I 

Per 

Cil. 

Ft. 

its. 

1 




Cfi 

n 

re 

r/) 




Pi 

c 


12 

0 8202 



. 

15 719 

06350 

29.000 

270 2 

4.350 

c 


12 

0 8292 




15 7-11) 

0f;.3;)0 

96,960 

923 5 

14,544 

CO 

28 

0 9071 



0 2 1:»6 

13 WKl 

07107 

67.9(10 

323 5 

4,368 

H 

1 

0 0092 



3 OllK) 

188 620 

(M).530 

(VS.3(i0 

320.2 

61,523 


CH4 

IG 

0 5520 



0 .5929 

23 (i2ii 

04231 

211,930 

KKH) 0 

23.8,: < 

isi' 

C 2 IU 

30 

t 03(kS 




12 594 

07940 

370.440 

1764 4 

22.226 

Csllft 

44 

1 5206 

- 13“ 



8 587 

11645 

529,210 

2521 0 

21,651 


(^4lll0 

58 

2 (XM5 

1 a-'c 



6.514 

. 15350 

6S7.190 

3274 0 

21,326 


CfcHis 

72 

2 4883 

1 100“ 

0 0273 


fi.24H 

. 19055 

847.110 

4035 6 

21.177 

SSjI 

Crtllu 

KG 

2 9721 

f 156“ 

0 0640 


4.393 

.227«) 

999.2(H) 

4759 S 

20,914 

(YH 4 

28 

0 9676 



0 4010 

13 495 

.07410 

333,350 

1588 0 

21,430 


CtlU 

42 

1 4514 




8 997 

.11115 

492,740 

2347 2 

21.120 


Cilln 

5G 

1 9353 

f- 23“ 



6 747 

.14820 

(i50.U2() 

3(K)9 2 

20.913 

s « 

I'blflO 

70 

2 4191 

1 102° 

0 6511 


6 398 

. 1S525 

8I)7.(K«) 

3847 2 

20.767 

1 

fYll2 

2G 

0 .S0S4 


. . 


14 534 

.06880 

SlO.OoO 

1476 7 

21.465 


C?slf4 

('4llfi 

40 

1 3823 




9 447 

. 10585 

4ti7.55() 

2227 1 

21.0<10 

■< * 0 

54 

I SAtil 

' 1 61“ 



0 998 

. 14290 

s 

<YHe 

78 

2 6953 

1 177“ 

0 8816 

6 3751 

4.845 

.20610 

799.350 

3807 5 

1 3.447 

fYlfa 

92 

3 17(12 

1 230“ 

0 8720 


4 1(»7 

.21345 

955,680 

4552 0 

18.690 

irPe: ' 

CMlio 

lOG 

3 6630 

-1 287" 

0 8692 


3.565 

.28050 


Iml VJ M 

< Cj 

C 0 II 12 

120 

4 1468 

H .320“ 

. . . 


3 149 

.31755 

1,282,310 

6108 0 

1*9.235 

Cinlls 

128 

4 423<) 

1421 1^ 

1 1517 


2 952 

.33870 


Hart 

34 

1 1769 

. . . 


0 2123 

It 096 

.09012 

110,900 

672*2 

‘7.549 

NII .1 

17 

« 5«XH 



0 50-'3 

22.178 

.01.509 

90,560 

432 8 

9,598 

IICN 

27 

0 9348 




13.96S 

.07159 

158,620 

757 0 

10.575 

cWi 

52 

I.S(MK) 




7 25S 

. 13779 

2.59,620 

1238 2 

8.986 

eSa 

76 

2 (i298 

1*111 8“ 



4 965 

.20139 

265,130 

12(il 6 

6.279 

CH 4 O 

32 

1 1121 

1 131 2“ 

6 S027 


n 742 

.08516 

182.230 

872 9 

10.250 

C 2 II 1 .O 

40 

1.5S94 

^ 172 9“ 

0 7946 

1 1534 

8 216 

.12172 

340.530 

1622 0 

13.325 

CO 2 

44 

1 5195 



0 2163 

8 593 

.11037 


II 2 O 

18 

0 6217 

H 212“ 

i ikkV) 

0 1805 

21 (MI4 

.04761 



!!!! 

H(>a 

G4 

2 2128 



0 1553 

5 001 

.16945 




0 


16 

1 1052 



0 2174 

11 816 

.08463 




N 


14 

0 9701 



0 2438 

13 4fi0 

.07129 







1.0000 



0 2374 

13 059 

.076.58 


.... 

. .. 


AI:TIU)UITIKS and mkti/ 

In Column IX. the flRures Riven In TTempers ** Cna Analy8t.s," p. 375, were selected for the fundamental weleht 
of OxyRen, NltroRcn. llydroRen, Carbonic Oxide and Air. 

The formula used for the conversloii to Kimllsh units. Is- arams per lifer at t'M\ and 760 nun. X. 05922 
« pounds xier cu.ft. at 60“ F. and 30" pressure. The derivation of the factor emplo>ed is 

2K.:n 6 y .0022046 v ao.fU) y 492 

.05922 

29.92X520 


The welRht« of the compound Rn.ses are calculated from thest* data by AvoRadro's law. 

Column IV'. 1.S ealciilated by the formula; sp.gr and the flffures thus obtained agree with 

wt* 1 GU.xt* air 

^ ^ - rooi. wt. 

the theoretical formula: sp.gr. - — • 
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FOR CERTAIN GASES AND VAPORS 

IMPROVEMENT COMPANY 


Tho Toinporaturo of Products of Combustion Is reduced to 18* C. -64.4* P. 


XIII. 

XIV. 

XV. 

XVI. 

XVll. 

XVIIl 

XIX. 

XX. 

XXI. 

XXll. 

XXllL 

XXIV. 

XXV. 

XXVI. 

Cu. Ft. per (hi. Ft. of 
Combustible. 

Pounds per Pound of Combustible. 

Heat of Formation 
at Const. Pres. 


Req, fi>r 
Combus- 
tion. 

Products of 
(h>mbUHllon. 

Keq. for 
( 'niribus- 
tlon. 

Product.s of CombustlDn. 


D.t.u. 

NAME OP 

GAS OH 











Mi 



VAPOR. 
























s s s 




Air. 

Oxy- 

t '( )j 

lljO. 


Air 

Oxy- 

CO 2 

II 2 O 


u "o ^ 

Per 

Pit 



Ben. 




Ken. 



('ll. Ft. 

Pound. 


4.785 

1 0 



(0-2.0 

5 771 

1.333-i- 



«•() 2.333 f 




Carbon to C'O 

9.570 

2.0 

2.0 



11.541 

2.666+ 

571 

3 666 f 





Carbon to C'Ci 
Carbonic Ox. 

2 393 

0 5 

1 0 



2.471 

1.571 




+138*4 

+1869.2 






2.393 

0 a 


i 0 


34 024 

S (M)0 


9 (M)0 



Hydrogen 

Methane 

9.670 

2 0 

1 0 

2 0 


17 312 

4 (MK) 

2 750 

2 2.50 


1 21,7.50 

-h103l 

+243.V6 

16 748 

3 5 

2 0 

3 0 


16 156 

3 733 

2 933 

1 8(M1 


+28,500 
+35.110 
+42,450 
+47.850 
+01.080 
-2,710 
+3.220 
+ 10.6()0 

+ 136.0 
f 167 2 
+ 202 2 
+227 9 
+290 9 
-12 9 
+15 3 
1-50 7 

+1713.6 
1-1436 3 
|-m7 3 
+111)6 2 
+1278 4 
-174 2 
+ 138.1 
+342 6 

l^thann 

23.025 

5 0 

3 0 

4 0 


15 737 

3 6;i6 

3. (MM) 

1 636 


Propane 

Butane 

31 103 

6 5 

4 0 

5 0 


15 .520 

586 

3 034 

1 552 


38.280 

8 0 

5 0 

6 0 


15 386 

3 555 

3 055 

1 500 


Pentane 

Hexane 

Ethylene 

Propylene 

Butylene 

45 458 

9 5 

6 0 

7 0 


15 295 

3 . 5:14 

3 069 

1 465 


14 355 

3 U 

2 0 

2 0 


14 836 

3 428 

3 142 

1 286 


21 533 

4 5 

3 0 

3 0 


14 836 

3.428 

3 142 

1 286 


28 710 

6 0 

4 0 

4 0 

... « 

14 8.36 

3.428 

3 142 

J 286 



35 888 

7 5 

5 0 

5 0 


14.836 

3 428 

3 142 

1 286 


18.970 

-47.770 

-39,650 

fl13 7 
-227 5 
-188.8 

+614.1 

-3.300.7 

-1784.2 

Amylene 

Acetylene 

Allylcnc 

Croti my lene 
Hen sene 
Toluene 

Xylene 

11 963 

2 5 

2 0 

1 0 


13 313 

3 076 

;i ;iK4 

0 692 


19 140 

4 0 

3 0 

2 0 


13 8.50 

3 200 

3 300 

0 (KM) 


?6 318 

5.5 

4 0 

3 0 


14 105 

3 259 

3 259 

1 300 


35 888 

7 5 

G 0 

3 0 


13.313 

3 076 

3 384 

0 692 


-12,510 

-3,520 

-47 3 
1-16.7 

-229.3 

-08.8 

43 005 

9 0 

7 0 

4 0 


13 .547 

3 130 

3 348 

0 782 


50 243 

10 5 

S 0 

5 0 


13.720 

3 170 

3 311 

0 849 


57.420 

12.0 

9 0 

6 0 


13 850 

3.200 

3 3(N) 

0 (KM) 


‘ '+490 

+2 3 

+7.3 

Mesltylcne 

Naphthalene 

57.420 

12 0 

10 0 

4.0 


12 984 

3 (KM) 

3 437 

0 563 


7.178 

1 5 


1 0 

S()2 -1.0 

6 111 

1.412 


0 529 

802-1.883 

+4.740 

422*6 

+2.w’0 

Hydrogen Sul. 

3.589 

0 75 


1 5 

N 0 5 

6 111 

1 412 


1 588 

N- 0,823 

+ 11,890 

+56 7 

+1251) 0 

Ammonia 

5 981 

1 25 

1 0 

0 5 

N 0 5 

6 410 

1 481 

i 630 

0.333 

N-0.518 

-27,480 

-131 1 

-1832.0 

llydrocy. acid 

9 570 

2 0 

2 0 

, , 

N~1 0 

5 323 

1 230 

1 (i93 

. . . 

N-0 5:i8 

-65.700 

-313.2 

-2273.0 

('yanogen 

14 355 

3 0 

1 0 


SO 2 - 2.0 

, 5 466 

1.263 

0 579 


802-1,684 

-26.010 

-124 0 

-616 0 

( 'arbon Rl-Sul. 

7 178 

1 5 

1 0 

2 0 


6 492 

1 5(M) 

1 375 

1 i25 


+51,450 

i-58.470 

+246 4 
1 278 5 

+2804 0 
+2288.0 

Methyl Ale. 
Ethyl Alcohol. 

14.355 

3 0 

2 0 

3.0 


9 033 

2 087 

1 913 

1 174 



+463.1 
+327 1 

1 337 3 

+3070 1 
+6870 4 
+1000.1 

( 'arhonlc Acid 
Wat-cr 

Sulphur IHox. 

























Oxygen 

Nitrogen 

Air 


































1 







OnS OF (CALC ULATION. 

CulumziH V. and VI. are taken chiefly from Lunee’s " Coal Tar and Ammonia.*' 

Column VIX. Is from Oanot's " Physics." edition 1896, page 445. 

Column X. and XXIII. are from Julius Thomsen's “ Thermoehemlcal luvestlgailons," and his results are 
translated Into English units In columns Xl.-XIl. and XXIV.-XXV. 

Columns XIII. and XVHI. arc calculated on the assumption that 


air- 20.0% oxygen 4-79.1% nItroKen by Volume, 
air -i 23.13% oxygen -h 76.87 7; nitrogen by WeighU 
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XXIII.— SOLUBILITY TABLE 


Since no salt is absolutely insoluble, the term " insoluble ’* is only relative. For solubility 
of the salts formed, see Van Nostrand's Chemical Annual, edited by Professor John C. Olsen. 



AniiREVUTlONS. — W = soluble in water; A = soluble in acids; wA = slightly soluble 
in water, readily so1ui)lc in acids; wa= difficultly soluble in water and in acids; 1 sinsol* 
uble in water and acids. 

The metals are arranged in order of their electromotive series. 
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SUBSTANCES 
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JOURNALS IN ENGLISH 

The Analyst. 

American Chemical Journal, incorporated with J.A.C.S., 1914. 
American Journal of Science. 

Bulletin of American Institute of Mining Engineers. 

Chemical Abstracts. 

Chemical Engineer. 

Chemical News. 

Engineering and Mining Journal. 

Engineering News. 

Journal of the American Chemical Society. 

Journal of Analytical Chemistry. 

Journal of the Association of Official Agricultural Chemists. 
Journal of the Chemical Society. 

Journal of Industrial and Engineering Chemistry. 

Journal of Physical Chemistry. 

Journal of the Society of Chemical Industry. 

Metallurgical and Chemical Engineering. 

Mining and Engineering World (Mining World). 

Mining and Scientific Press. 

Pharmaceutical Journal. 


FOREIGN JOURN.ALS 
Annalcn der Chemie und Pharinacie. 

Berichte der Dtnitschen Cheinischen GescdLschaft zu Berlin. 
Chemisches Zentralblatt. 

Chemiker Zeitung. 

Comptes rendus hebdoniadaires des seances de I’acadcmie sc Science 
Journal fiir Praktische Chemie (Erdmann). 

Munatsheftc fiir Chemie. 

Moniteur Scientifi(]uc. 

Zcitschrift fiir Analytische Chemie (Fresenius). 

Zcitschrift fiir Angewandte Chemie. 

Zcitschrift fiir Anorganischc Chemie. 

Zcitschrift fiir Bcrg> und Huctten-Salinenwesen. 

Zcitschrift fiir Elektrochemie. 

Zcitschrift fiir Physiologischc Chemie. 



QUALITATIVE TESTS OF SUBSTANCES 

XXIV.— BLOWPIPE AND FLAME TESTS OF SOLIDS 
Blowpipe Tests on Charcoal 

Heat a small portion of the material on charcoal in the reducing flame, using a 
blowpipe. Scooji out a round hole in the charcoal, place a little of the substance 
in the cavity, ami direct the inner flame of the blowpipe against it at an angle of 
thirty degrees. 


RKSri.T OK '['KSI'. 

Melts and runs into the charcoal 
An alkaline residue <in charcoal 

A residue which, when moistened with a drop of 
Co(NO.i);j and heated in O. F., produces a color 
which is blue 

Produces a color which is ^reeii 
Produces a color whicli is red 
Produces a coh^r which is pink or roso-ri'd 
Deflagrates 

Leaves an incrustation which is white near flame 
White, garlic odor 
Dark red 
Red to orange 

Lemon yellow (hot), light yellow (cold) 

Orange yellow (hot), light ^adlow (cold) 

Yellow (hot), white (cold) 


I NKK.RKNCE. 

i*V1k<dics, K, Na, etc. 
Ca, Sr, Ha, Mg. 


Aluminum, silicon. 

Zinc, tin, antimony, 

Hariu ni. 

Manganese. 

Nitrates, chlorates. 
Antimony. 

Arsenic. 

Silver. 

C admium. 

I-ead. 

Hismuth. 

Zinc or tin, latter nonvola- 
tile. 


Blowpipe Tests. — Substance fused with Na*jCO:t on Charcoal. Place a small 
amount of the substance on charcoal with a little sodium carbonate, and fuse, using 
reducing flame. 


KKSUI.T ok 'I KSP. 

INM-.KKM’K. 

Metallic globules, without incrustation 


Yellow flakes 

Cb)](I. 

Red flakes 

Clipper. 

White globule, moderately soft 

Silver. 

Metallic globules, with incrustation 


White, moderately soft beads 

Lead or tin (volatilized 
lead leave.s yellow coat). 

White, brittle beads 

Bismutli or antimony (yel- 
lowish). 

Yellow in O. F. 

1 Chromium. 

Green in O- F. 

Manganese. 

A substance (in R. F.) which, \vhcn moistened and 
placed on a silver coin, leaves a brown or black 


stain 

Sulphur compounds. 
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Test. 

Inference. 


Dark gray magnetic powder which, when moistened 
on a Alter paper with a drop of dil. HCl and HNOa, 
and gently dried over a flame, leaves a stain which 
is faint pink, turning blue 

Cobalt. 


Green stain, turning yellow 

Nickel. 


A stain turned blue by K4Fe(CN)6 

1 Iron. 



In place of using charcoal the above tests may be made with a splinter of 
wood covered with a coating of fused Na2C03. The test is made by dipping the 
heated splinter into a mixture of the powdered substance with fused sodium 
carbonate and plunging for a moment in the reducing flame. Examine the 
material on the splinter, scrape off on a piece of glazed paper and examine. 

Blowpipe Test. Substance moistened with cobalt nitrate solution and igniteu. 


Color of Residue or Incrustation. 

Inference. 

Brick red 

BaO 

Pink 

MgO 

Gray 

SrO, CaO. 

Yellowish green 

ZnO 

Dark muddy green 

SbaOa 

Bluish green 

SnO 

Blue 

AUOa, SiO* 


Flame Test 

Flame Test. Moisten a platinum wire in cone. IICl, dip into the powdered 
substance and insert into a Bunsen flame. If sodium is prominent, examine 
through a blue glass. (Test the cobalt glass to see if it is effective in cutting out 
the yellow sodium light by examining a sodium flame through it.) 


Flame Coix>r. 

Carmine red 

Dull red 

Crimson 

Golden yellow 

Greenish yellow 

Green 

Blue 

Violet 


Color through Blue Glass. 
Purple 
Olive green 
Purple 
Absorbed 
Bluish green 


Violet red 


Element. 

Lithium 

Calcium 

Strontium 

Sodium 

Barium, molybdenum 
Cu, -PO4, -B2O,, 

Cu, Bi, Pb, Cd, Zn, Sb, As 
Potassium 


The platinum wire should be cleaned before making the teat. This can be ac- 
complished by dipping it into cone. HCl and holding it in the Bunsen, or, better, 
a flame of a blast lamp, until the flame is no longer colored. Repeatedly dipping 
into the HCl may be necessary. 

Examine the flame through a spectroscope, if available, and compare the 
spectra with a spectra chart. Mere traces of the alkali and allca ling earth mofnla 
can be detected in this way by their characteristic spectral lines. 
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XXV, TABLK m REVIEW OF THE SEPARATIONS OP THE METALS. ANALYSIS OF THE SOLUTION. 

-jPbCl, T«8t8((i)+H,SO,=PbSO,while. (b) +II,S=PbSblMk. (f) +l,CK).-PbCrO, yellow. (<0 +n-PbI, yellow. 
Rcsi(luc--NRiH(Cl-f H{ black. 
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J"*" lAddNH,OH 1 
" AjCl 1 Soliilifln-(NHi)i(A|a)ijafidify with HKOj^AjCl white. 


mMhSi 

■3 0. 

X 1 

As,S, 

£ 

HiAiO, 

(NHilJlsS, 

n “ 

AsjS, 

£ 


(NH^libS, 


SbjSt 

U 

sba 

2 

3(NIL)M 

h 

? S 

SoS; 

» 

A 

SnCI. 

1 



o2 

>0 


.Solution, 

3 .3 

2 i 

Au,S, 


AuCb ' 

Solution. 

PtS, 


PtCb 

(NH^liMoS, 


MoS, 

■3 

Mod, 


’SS', 

Hi 

SsSi ' 

‘iiils* 

I] 

^33 

11 


AiHiitas 
SbHigiu+Sb 
SoCI, 


3 .s^ 3 § 


HiAsOs } Remove AgNO) with CiClii and add HiS|A||S) Lemon yellow. 
Oiilzcit Teal-AiHi colors HgCh paper a deep maroon. 
Seciiu'lliodoiipagiitfl. 

SbAgi |l)i8solve in hot HCl, dilute, filter and add R|S|SbiS) Orange. 


|TealwithHgCI,. HgCI, While; or Hg Gray. 
! 4 o' 

'si 


S? ; SbCh rajeet nr test in Marsh apiwtus. 

\i I Au 1 . Afl.. m Evaporate and 

L nro. i.f NH,CI Mil dill*! [ignite to Au', Yellow, 

« ' ' winiibhiii, 


1 (NH()iPtCI| Ignite toPt', Gray. 
Bluelogni'n-browii] Ev.ii)oratelO(lrj'np.8swilhpxr™ofHNOj, Dissolve res. in NH,OH and add to an 
nr hlaek .solution. I excess of HCl. Test this sol. with NajPHO< | Aniinonium phosphomolybdatc, YcOow. 


HgS Dissolve in nilrahydroebloric arid and W with («) SaCl!= White HgCI or Gray to Black Hg. (h) Au wirc-Hg on wire, 


^ 2 ' 

Pb(NO,,b 

lo' 

“ PbSO) Cnnliira by formation of PbL or PbCrO|. See Pb nixive. 

'■W 

BKNO,), 

M\ 

^Bi(NO,), 


iSitOHli Add hot fcSnOi pouring over ppt on filler, Bi Black. 

ti 

CutNOJi 

U 

eCuiNOdi 

g! 

‘^Cu(OH)j.2NH,OH,2NH,NO, ! 

Deep blue .solution evidence of cop|er. 

^1 


' 


5: 

. 1 
1 

F()rtraeesaddHC,H,0,an(ltestwithK4Fe(CN),{Cu,Fe(CN), Red-brown. 


Cd(NO,)r 


|Cd(NO,), 

tS 

4f, 

Cd(OH)i2NH,OH,2NH,NO, 1 

Add KCN till blue color disappeara, then HiS { CdS Ia>moii-yellow. 


£ , { I NiAlOi Add NlLCl or render arid with HCl and iireoipilate with (NHdiCOj { Al(OH)i White, gelalinnus, 

-5 I jCr(OH)i I Fusennplatinumfoilwilh Lijji j^L*CiO(and| AfidifywuthHCjH) 0 !andaddPb(CiHi 0 })i[PbCr 04 lemon-yellow. ' 

I, lDi.dvcinHClandnddKNS(Pe(CNS), Hloodred, Test original solution (acid) 

rFe(OH), 1 hiract with water. (Res. Pe(OH), ) *iihKNS(orPe'%ndwithbe(CN),forFe''jPei[Fe(CH)di Blu^ 

II. Test with briK bead. Blue lead, r. Or eva|inrntc -t-HiSOi and add nitroso-fi-naphtbol. 

b. Adil NaHCOi and ftO., tlrcen snliition. Co-Red precipitate. Test with borax boaa. 
II. Test with Ixirax lead. Brawn lead. c. Or make aol. ammoniacal and add 1% 
b. Heat with Br f I add KI. alcoliuhc sol. nitrusoletanaphtliol » 
andNaOHl"''‘^“4 frrelinCS,. l(CH,),C,N,0,HIiNi Red. 


NaiZnO] jAddHiSjZnS Wliitc. Ppt. is insoluble in dilute acetic acid. 


.CoS 

8 

ill 

CoCL 

B< 

IfiS 

I 

NiCb 

.MnCIi 

llni 

Ma(OH), 

1 

ZnCI, 

'h 

NaM j 


i 

s 

BaCO, 

■nJ 

1 

•»<*«£ 

Q. 

1 

SrCO. 

Sijy 

t 

a"? 



CaCO, 

Ci((hH,0,)i 


Dissolve in HCl and .add H]SO(| I 
•«/ 


CiCO, 


Sr(C,HA). 

Ca(C,H,0,), 


l( While, 

£ » 1. Add CaSOisetiisidcIOminutesjSrSO^ White, 
.S o Moblen SrSOi with HCl and apply flame test. 
• 0 1 2. Add XiSO(. boil, set aside ten mmutes. 

I! 


1 

1 H 


Precipitate MgNH(POi White. 

1 

efi 5 

i 


^K-Apply flame test using cobalt glass. Violet. 

il 


8 

•3 Ha-After removal of Mg apply flame test, yellow. 

|.S 
! 3 

< 


1 RHj-To the original solution add KOH in strong excess. ’ 

1 


s.-3.ru3 

1 paper; pass gas into Ncssler's reagent Xi^L sol,{l 


Abbreviations: (w)-white;(y)-yellow;(o)-orange;(br)4rawn;(bk}-W^^^ PpUprecipiUte, Re8,-resid«c. Sol, -solution. 
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m. TABLE ra REVIEW OF THE SEPARATIONS OP THE METALS, ANALYSIS OF THE SOLUTION. 


1 * 

i t 

PbCLW 

0. 

^PbCI, T«to(g) +H,S0,>FliS0,vhite. (b) +B,S>PbSl)liicl!. (r) FRiCiOfPliCiOiycIliw. (d) -FII-PbLytllw. 

^137 

a 38 

Biait) 

is 

<* 

r 

®A{a 

AddNHdOH 

fIMiiu-NH,R{a+H{by(. 

1 ^ 


A«Cl(f) 

Soliifa-(l(H,),(A|Cl).]ufi.liIy »itb HNO,«A|CI»bile, 


:h{” 


m) 

m) 


SAiiiSi(lir) 

.?PtS,(l.k) 

|MoS,(l)r) 


H{S(l)k) 

PbS(l)kj 


CUiS(l)k) 

CtiS(l)k) 

CdS(y) 


(NH4)<As2Si 

(NH,),AsS, 
(NHil^ShSi 
0 


i 

Holiitioii. 

•Soliiliiiii. 

(NHaIM 

HgS’ 

.PbS 
I BIS, 

ICUiS 


CuS 

CdS 


AfcSj 

A 

¥ 

HjAsOd 

-Is 

AsjSb 

A 


C«T3 

SbdSb 

'i 

SbCli 

°|3 

■Id 

SnS, 

A 

SnCb 

AujS] 

PtS, 

4/9 

>u 

.■s 

AuCI, 

pta 

1 

h 

P=2 

MoS, 

• « 

Mod, 

!2 


AsHiRdH 


I iu'iiiuvc n(Aiv] W 

(liitzrit Tcsl-AsH] colon HgCIi paiicr a'decp maroon. 
, ijcc niclhixi on page 40. 


Sb 
|5|A« 
flSlpt 


|,sSiS 

^iiissA. 

TnUilbHiCIi. {H|CI,W'liilt;orH((iniy. 


« 1 jSS ) A .1 I. "M Enpmte d 

M, I SM Pt I I (i|H,)jHCI, IpiietoPf.Cnf. 

Blue to grccn-hrown i I'-vniwrnto to dryniw will) excess of HNOj. Dis,solvc res. in KHiOH and add to an 
or bliick .solution. I excess of HCI. Tiist this .sol. with Na^PHO* | Ammonium phaspliomolybdate, Yellow. 


SbCii reject or tost in Mitnh apparatua. 


Dissolve in iiilrohydmehloric acid and test with («) SnCl!=Whitc HgCl or (iray to Blank Hg. (h) Au wire=Hg on wire. 


Pb(NOdi 

Bi(NO,)3 

Cu(NOA 

Cd(NOi)j 


L’ -PbSOA f'onlirin by formation of Pblj or PbCrO,. Sis- Pb above. 
cQ r ^ f . 


0 

5 .. .. 

lam 




BitOH)] Add hot KtSnOi ixiuring over ppt. on filter. Bi Black, 


^Cu(OH)i.2NHaOH.2NHaNO, 

\ “ ■ 

Cd(OH)mOH.2NH,NO, 


Dis‘p blue .solution cvideiiee of copper. 

For traces add HC 2 H 1 O 1 and test with KAFe(CN)j [ CBiFe(CN)i Red-brown. 
Add KCN till blue color disappears, then H 2 S{ CdS laon-yellow. 


5Al(OHMw) 

|Cr(OH),(«) 

^e(OHUr) 


j I RiAlOj Add NH,C1 or n-iider acid with HCI and precipitali' with (NHdiCOjj Al(OH)j While, gelatinous. 


^Fe(OH)3 


Fiivonplatiiinifoildth 

ENO,aii(INi,COi. 

Ejlractnthmlft. 


Sul } Aii{litywithHC.HA)! mill »dJ PblCiHiOilijPbCiO. Imon-yclta. * 

■' |Dwilv(iiiHaaaJii*IECNSjF«(CNS). BWmI. TwloriyiiMlioMmluid) 
Hw. Fe(OH), I »i(|,KHSIorFe"'d»ithWe(CN),lorFt"{Fe,lFe(CN)Ji Blue 


.CoS 

1 

fijs 

jy 

i 

CoCb 

NiS 

Qfl^ 

NiCh 

MnCl, 

t 

Mb(OH), 

t 

1 

ZnCI, 


Ri}ZnO} 1 





.SrMO,), 

Ci(C,H,0,)2 


fl. Test with Iwrax liead. Blue liead. c Or evaporate +HiiSO< and add nitrow-d^naphlbol. 
b. Add NaHCO] and H 3 (^, ( imen solution. Co-iled precipitate. Teat with borax b^. 
0. Test with Ixirax lx>ad. Brown lK>ad. c. Or make sol. ammoniacal and add \% 
li. Heat with Br ( I i^dii KI. alcoholic sol. nitrosolietanaphtliol » 
aiidMl^W'l FndinCSj. |(CH,»0,pi Red. 

Boil with PbOi and HNOjjHMnOt , Purple. 

White. Ppt. is insoluble in dilute acetic acid. 


F 4 White. 

S 5 U , 

.H o Moisten SrSOd with HCI and apply flame test. 
'S'S 2. Add KiSOi, bil, set aside ten minutes. 


6 


SrCp, 

CiCO, 


mu 


Precipitate MgNHjPOi White. 

^ K-Apply flame test using cobalt glass, Violet. 

-2 NeAfter removal of Mg apply flame test, yellow. 

9 


I RH 4 -T 0 the original solution add KOH in strong excess, warm (note odor) and test with moist litmui 
^ paper; pass gas into Mr's reagent KiH^ sol.|l(HgiI, Brown, 

Abbreviations: (w) ■while; (y) ■yellow; ( 0 ) ■orange; (br)«brown; (bk)«blick; (r)*j[ed; (g) ■green; (pk)"pink. Ppt. "precipitate. Res. ■residue. Sol.»8oIutioD. 
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XXVI.— GENERAL SUMMARY OF TESTS PGR ACIDS 


Acids. 

DfCTKCriNG Rkagbnts. 

Rk ACTIONS KBSULTING FROM TbST. 

Acetates 

H2SO4 (cone.) 

Odor of vinegar 

Arsenates 

(a) (NHO2M0O4 + HNO3 

Yellow precipitate 


( 6 ) Magnesia mixture 

White granular precipitate 


(c) Reduced on C + NagCOa 

Garlic odor, arsenic mirror 

Arsenites 

(a) Magnesia mixture 

No reaction 


(d) H*S + Ha 

Yellow precipitate 

Bromides 

(a) H2SO4 (cone.) 

Red Br vapor 


(fi) Chlorine water -I-CS2 

Reddish color, due to Br 

Borates 

IlgSOf (cone.) + alcohol 

Green flame 

Carbonates 

Dilute acids 

CO2 evolved. Limewater test 

Chlorates 

(//) H2SO4 (cone.) 

Explosive liberation of Cl + CIO4 


(fi) Heated alone 

0 given off 

Chlorides 

AgNOs + HNOs 

White precipitate, sol. inNH40H 

Chromates 

(a) H2SO4 (cone.) 

0 liberated (sol. yellow to greeny 


(fi) HCl 

Chlorine of HCl liberated 


(<z) Alcohol + NaOH 

Reduced and Cr(OH)3 jjrecipi- 
tated 

Cyanides 

H2SO4 (cone.) 

HCN (POISON). Odor, bitter 
almonds 

Ferricyanides 

FeS04 + HCl 

Turnbull’s blue precipitate 

F errocy anides 

FeCli-f-HCl 

Prussian blue precipitate 

Fluorides 

H2SO4 (cone.) 

HF gas liberates silicic acid from 

1 glass rod with drop of H2O 

Hypochlorites 

Dilute acids 

Cl liberated, yellow gas 

Iodides 

{a} H2SO4 (cone.) 

Violet vapor of iodine 


(^) Chlorine water + CS2 

Violet color to CS2 

Nitrates 

FeS04 + H2S04 (cone.) 

Brown ring 

Nitrites/ 

Dilute acids 

N20;f brown evolved 

Oxalates 

H.2SO4 (cone.) 

CO + CO2 evolved 

Permanganates 

Reducing agents 

Decolorized 

Pliosphatcs 

HNO3+ (NH4)aMo04 at 40® 

Yellow precipitate 

Silicates 

(/z) Fused with Na2C08 and 
HCl added 

Silicic acid precipitated 


(d) HF 

SiF4 gas liberated 

Sulphates 

HCl + BaCl2 

White precipitate of BaS04 

Sulphides 

Dil. acids 

H2S gas blackens Pb(C2H302)3 

Sulphites 

Dilute acids 

SO2 gas 

Sulphocyanides 

FeCh 

Deep red color 

Thiosulphates 

Dilute acids 

SO2 gas + free S 

Tartrates 

Ignited 

Char. Odor of burnt sugar 

Organic acids 

Heated 

Generally char. 


* Nitrites + KI + CSi violet color in CSa due to free I« 
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XXVII.— TABLES OF REACTIONS OF THE BASES. 

HYDROGEN CHLORIDE GROUP. 


S34 


TABLES ANL USEFUL DATA 




TABLES AND USEFUL DATA 



835 
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The Soluble 



Aksknic, 

As“% As 

Antimony, 

Sb-, Sb 


(ous) K3A5O3. 

(ic) KH3ASO4. 

(ous) SbCIg. 

(ic) KSbOj. 

Hydrogen 

sulphide, 

H2S. 

Arsenic trisul- 
phidc, AsoSi, 
yellow ppt. Sol. 
in alkalies, 
(NH4)oSx, 
(NH,)..S. Insol. 
in cone. HCl. 

Arsenic trisul- 
phide -hS. 
As2S;j-hS2, yel- 
low. The ppt. 
forms slowly by 
h<‘at. 

Antimony tri.sul- 
phidc, Sb2S:i. 
orange ppt. Sol. 
in alknlie.s, 

CNH 4 ) 2 S„ 

(NH4)2S, HCl 
(cone.). 0.17 mg. 

Antimony penta* 
sulphide, S^Ss, 
orange ppt. Sol. 
in alkalies, 
(NIl4)2S„ 
(NH4)2S, HCl 
(cone.). 

Ammonium 

hydroxide, 

NH4OH. 



Antimonious 
liydroxide, 
Sb(OH):i, white 
ppt. Sol. in 
excess. 

Ammonium 

metantimon^Ue, 

NH4SbO:,. 

Very .slightly 
.sol. in c‘xcess. 

. . 

Copper siil- 
pluite, 

CUSO4. 

Copper arsenile, 
CuHAsO.j, yel- 
lowish green 
p])t. Sol. in 
NH/dl.NaOH, 
UNO.,. 

1 (-'ojipcT arscn:itc, 
Cu,(As 04 )-.n 
greenish blue 
ppt Sol. in 

Nil, Oil an«l in 
UNO,:. 

1 Anliinony oxy- 
j chloride, wliite, 
j SbOCl, caused 
j by dilution. 

Insol. alk. 

Sol. IICI, CSo. 

Copjjcr antimo- 
iiatc*, brown ppt. 

Mercuric 

chloride, 

HgCl*. 

I Mercuric ars<‘- 
nite.Hg ;(As() i)- . 

1 white j)pt. Sol. 
in acids. 


Antimony oxy- 
( hloride, caused 
by dilution. 

Sol. in cone. 

IICI. 


Silver ni- 
trate, AgNOa. 

Silver arsenite, 
AgjA.sO.w yel- 
low ppt. Sol. in 

HNO.,, NII/Mi, 
HC.,H.*0,. 

Silver arsenate, 
AgfAs04, red- 
dish lirown ppt. 
Sol. in IIN().i 
and NH|OH. 

Silver chloride 
and antimony 
Irioxiile, 

AgCl 4 SbaO,,, 

\\ bite ppts. 

Silver anti mo- 
ll ate, AgoSbOa, 
while ppt. Sol. 
in NH4OII. 

Miscellany. 

Magnesia mix- 
ture. No ppt. 
Arsenic sol. in 
IINO3, CI2, 

H2O, aq. reg., 
hot alkalies. 

► 

Marsh test 

(Zu+nci, etc.)| 

i 

! 

1 

Magnesia mix- 
ture ppts. 
MgNH 4 A.s 04 . 
white crys. ppt. 
Sol. in acetic 
acid. 

AsH 1 flame de- 
posits arsenic. 

Sol. in NaOCl. 
Sol. in(NH4)2S. 
Residue insol. in 
HCl (cone.). 

KOH ppts. 
Sb(OH);,. 

Na2CO;i ppts. 
Sb(OH)a. 

Marsh test 
(Zn + HCl). ^ 

Sb. sol. m hot 
cone. IIjS04 
and in aq. reg. 

Sbll;* in flame 
deposits anti- 
mony. Insol. in 
NaOCl. 


* See Van NostranU's Chcinicul Annual for solubility of salts. 





Subgroup. > 
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Tin, Sn", Sn’”*. 

Platinum, Pf”. 

G01.D, Au’~. 

(ous) SnClg. 

(ic) SnCU. 

PtCk. 

AuCla. 

Stannous sulphide, 
SnS, dark brown. 
Sol. in alkalies. 
Difficultly sol. in 
(NlUhHx- Sol. in 
HCl (cone.). loo c.c. 
H^O diss. 0.002 mg. 

Stannic sulphule, 
S11S2, yellow ppt. 
Sol. in alkalies, 

(NH 4 ) 2 Sx,(NH 4 ) 2 S 

and alkali carbon- 
ates. HCl (cone.). 
IIjO = o.02 mg. 

Platinic sulphide, 
PtS,!, dark brown 
ppt. Difficultly 
sol. in alkali sul- 
phides. Sol. in 
aqua regia. Insol. 
in llCl (cone.). 

Cold sulphide, 

AU2S1, black ppt. 

Sol. in alkali sul- 
phides, aqua regia. 
Insol. in HCl 
(cone.). 

“■# 

S^tannous hydroxide, 
Efi()(OH)2 Insed. 

in excels. Darkens 
on cooling. Insol. in 
11 , 0 . Sol. ill dilute 
acids, alk. 

Stannic hydroxide, 
Sn(()II)4. Slightly 
sol. ill excess. 

Ammonium chlo- 
ropiatinate, 
(NHDoPtClr., yel- 
low ppt. Sol. ill 
large excess. 

679--^ I„jr. 

Fulminating gold, 
AuoOjt. 2 NH;i, vel- 
, low ppt., Insol. in 
exce.ss. 

Cuprous chloride, 

2 CuCl, white ppt. 
Sol. in acids. 
Kediiction by SnClj. 

i 



Mercurous chloride, 
HgCl, white ppt. 
Insol. in cold 
no (cone.). 
Reduction by SnCli!. 

1 

1 


Silver chloride and 
silver, AgCl-} Ag. 
Reduction by SnClj. 

Silver chloride, 

AjrCl. 

Silver chloiide and 
platinum oxide, 

1 AgClH-PK), 

, brown ppt. 

1 

Silver chloride and 
gold oxide, 

AgCl + AuiiO.i, 
brown ppt. 

KOH ppts. Sn(OH).., 
NaaCOi ppts. 
Sn(()II) 4 . In.sul. in 
excess. 

KOII ppts. 

Sn(UH).j. NaCO., 
ppts. Sn(OH),.. 

Insol. ill excess. 

! KOH ])pts. 

K PtClr,. Na^COa 
gives no ppt. 

Pt sol. in aq. r., 
fused alk. 

SnCIz solution 
ppts. “ Purple of 
Cassius,” red ppt. 

Au .sol. in KCN, 
aq. reg. 

Metallic Sn depos- 
ited by Zn in 

Marsh test. 

Stannic salts 
reduced by H, gen- 
erated by Sn. 

Zn ppts. Pt, black, 
from its salts. 

Also see Electro- 
motive Series, p. 10. 

Zn ppts. Au from 
its salts. 







The Ammonium Sulphide Group. 

Numbers refer to mgs soluble in zoo c c. cold \kater. 
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• Presence of non-voUtUe organic substances, tartrates, citrates, and sugar prevents predpitation. 
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For solubility of salts, see tables in D. Van Nostrand’s Chemical Annual^ edited by Olsen. 
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Potassium Barium chromate, BaCr04, 

chromate, yellow ppt. Insol. in 

KoCrOi. HCjHsOs in presence of 

K2Cr04. Sol. in HCl, 
HNOu. ‘‘c” 0.38 mg.; 
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Sodium Ammonia gas evolved Lithium carbonate, 

carbonate, on boiling. Li.COs, white ppt. Slightly 

Na^COa. sol. in water. Less sol. in 

hot than in cold. ** c ” = 

- 1539 mg.: ‘’h” 728 mg. 
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Carbonic, 

HjCOs, 

carbonates. 










I Chloric, H2SO4, cone. Heated on diarcoal deflagrates. 

' HCIO3, warmed wit!' salt H2SO4 evolves yellow gas, CIO2. 

I chlorates. causes explo .ion. 
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APPENDIX 


ANALYSIS OF BRASS-DETERMINATION OF ARSENIC AND 

CADMIUM 

Dlstillatian Method for Determination of Arsenic in Brass. If arsenic is 
present in amounts less than 0.10 per cent, 100 gram sample is taken and dis- 
solved in 400 cc. HNOj (sp. gr. 1.42). The fumes are expelled by boiling and 
the solution diluted with water to 500 cc. NILOH is added until a slight pre- 
cipitate of copper hydroxide forms; about 5 grams of Fe2(S04)» and just enough* 
NH4OH to cause prccipi ation are added, the solution diluted to 1000 cc. and 
boiled. Then again diluted and the precipitate allowed to settle several hours.* 
The clear solution is decanted off and the Fe(OH)3 containing all the arsenic and 
antimony is washed, dissolved in hot HCl, about 2 cc. of hypophosphorous acid 
added and the arsenic distilled according to the procedure described on page 34, 
omitting the addition of CU2CI2. Arsenic may now be determined in the distillate 
either as As2S3 or by titration with iodine (see pages 36 and 39). 

If antimony is desired in the analysis it may be obtained in the residue re- 
maining in the flask (see page 2^1). 

Dr. Price recommends treating the sulphides with €82 to remove any free 
sulphur that may bo present. (“ Tochnica Analysis of Brass," pages 225-227.) 

If arsenic is present in amounts over O.iO per cent, 5 grams of the alloy are 
dissolved in 20 cc. IINO3 (sp. gr. 1.42) and then evaix)rated with 15 cc. H2S()4 
(sp. gr. 1.84) to fumes. Concentrated IICI may now be added, together with 
2 cc. 30% hypophosphorous acid and the arsenic distilled and determined as 
outlined above. 

Determination of Cadmium in Brass. Ten grams of drillings are di.ssolvcd 
in HNOj (.sp. gr. 1.42), 50 cc. ILSDi (sp. gr. 1.84) added and (he mixture evajMjr- 
atod to fumes. The cooled mixture i.s diluted to 200 ec. with water and boiled. 
The precipitate is allowed to settle (sevend hours) and filtered (tff. 'I’he solution 
containing the cadmium is treated, boiling hot, with JhS for thirty minutes, the 
precipitated sulphides filtered off aiid washed with hot water. The precipitate 
is dissolved in 400 cc. of 10 per cent II2SO4. 

After boiling, the hot solution is filtered, cooled and treated with HjS for ten 
minutes. NfLOII is added cantiou.sly until ZnS begins to precipitate. The 
solution is again treated with H2S for about five minutes, whereupon CdS is 
completely precipitated. The sulphide is purified by rcdissolving in 100 cc. of 
10 per cent 112804, applying heat. The solution is filtered, diluted to .300 cc. 
and again treated with H2S. Ammonia is added drop by drop until the cadmium 
sulphide is completely precipitated. The treatment is repeated to remove traces 
of impurities and the CdS then weighed in a tared Gooch crucible after drying 
for two hours at 110** C. 

Weight CdS X0.778= weight of cadmium. 

Note. — Details of the procedure for determining minute amounts of ctadmium (less 
than 0.01 |x)r cent) may l)e f«mnd in Price and Mead, ‘''rechnical An ilysis of Brass,” 
2d Ed., pa^ 232, John Wiley & (Sons, Publishers. 
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Absorption bulbs: 

carbon dioxide, Fleming, Geissler, Ger- 
hardt,^ Liebig, Vanier, 95, g8 
* gas analysis, Friedrich, Ilanjkus, Nowicki- 
Heinz, Varrcntrapp, Winkler, WoliT, 

693 

Absorption spectrum, carbon monoxide in 
air, 730 

Accuracy in methods of gas analysis, 707 
Accuracy, limit of, in alloy analysis, 659 
Acetate extraction of lead, 235, 241 
Acetic acid, complete analysis of acetone, 
formic acid, furfurol, hydrochloric 
acid, metals, sulphuric acid, sulphur- 
ous acid, 527-529 

determination in corroded white lead, 626 
method for nitrite, 292 
Acetyl value for oils, 591 
Acetylene flame, temperature of, 780 
Acid extraction of rare earth ores, 114 
extraction of silicates, 369 
reagent for calcium carbonate in cement, 
656 

Acidimetric and alkalimetric methods for 
metabisulphitcs, sulphites, sulphiurous 
acid, 41 1 

Acid number, Chinese wood oil (Tung oil), 
613 

general tests. See Oils, 
varnish, 618 
Acids, chajiter on, 499 
analysis of acetic. See subject above, 527 
citric acid, 530 

hydrochloric, determination of total 
acidity, arsenic, barium chloride, 
chlorine, nitric acid, sulphuric acid, 
silica, total solids, 509, 510 
hydrofluoric, determination of acidity, 
hydrofluosalicic acid, sulphuric acid, 
sulphurous acid, 510-512 
nitric, determination of, acidity, free 
chlorine, hydrochloric acid, iodine, 
nitric and nitrous acids, non-volatile 
solids, sulphuric acid, 512, 515 
procedure for determining, in arsenic 
acid, ferrous sulphate method, 519 
in oleum and mixed acids, 518 
in phosphoric acid, 519 
in sulphuric acid, 517 


Acids, anal:^is of nitrous, permanganate 
titration of, 520 

oleum and mixed acids, complete anal- 
ysis, determination of total acidity, 
lower oxides, nitric acid, sulphuric acid 
and free SOs, calculations, table, 522- 
526 

arsenic in acids, 43 

formula: for diluting or strengthepingof , 525 
free acids in aluminum salts, estimation of, 
12 

in aluminum salts, test for, 13 
in presence of iron salts, estimation of, 
530 

indicators for determination of, 499 
number in oil analysis. Sec Oils, 
standards, preparation of benzoic, hydro- 
chloric, sulphuric, 501-504 
test for in animal and vegetable oils, 596 
in burning oils, 571 
in Chinese wood oil, 613 
in varnish, 618 
titration of, 505, 508 
tungstic, solution of, 449 
weighing dilute acids, 506 
strong acids, Blay- Burkhard burette, 
bulb tube. Deli tube,’ Lunge-Ray 
pipette, snake tube,^ 506-508 

Acker process for determination of tin, 425 

Adolph’s api)aratus for fluorine determina- 
tion, 182 

modification of Oflerman’s method for 
fluorine, 182 

Ahlum’s method for free acids in presence 
of iron salts, 530 

Air, com[)osition of, 292 
examination of. See Gas Analysis, 728 
oxygen in, hydrogen combustion method, 

703 , , 

phosphorus method, 702 
pyrogallate method, 703 
pound per cubic foot of coal burned, cal- 
culation of, 710 

Albuminoid ammonia, determination of, in 
water, 537 

Alexander’s volumetric method for deter- 
mining lead, 239 

Alizarine S for detection and determination 
of fduminum, 14 
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Alkali arsenates, arsenic fletcrmination in, 31 
standard for acidimetry and alkalimetry, 

, 501-504 

Alkalies, chapter on, 341 

detection of csesium, lithium, potassium, 
rubidium, sodium, 341-342 
estimation in alunite, 356 
in Portland cement, 652 
in silicates, hydrofluoric aci<l method, 356 
J, Lawrence Smith method, 355 
volumetric methods, 357 
physical properties, 341 
preparation of the sample, fertilizers, 343 
plants, ashes of, 344 
rocks and insoluble mineral products, 343 
saline residues, soluble salts, brines, 344 
soils, 343 

potassium and sodium. Sec subjects, 
reagent J normal for calcium carbonate in 
cement, O5O 

separation from aluminum, chromium, iron, 
phosphoric acid, titanium, uranium, 

from barium, calcium, strontium, sul- 
phuric acid, 345 

from above elements in one o[>cration, 
Hick’s method, 346 
from each other, 347 
from the hydrogen sulphide group and 
silica, 344 

from magnesium, by means of ammoni- 
um phospliate, barium hydroxide 
or mercuric oxide methods, 344 
test for iridium, 330 
for palladium, 332 
Alkalimeter, Mohr’s, 106 
Schroetter’s, 10ft 

Alkalimetric method for determining phos- 
phorus, 316 

for fletermining strontium, jtSg 
Alkaline earths. See Marium. 

separation from one amither, 54 
Alkalinity iletermination in water, 552 
Allen, method for traces of iron, 223 
Allen, modification of Devarda’s method for 
nitrates, 300 

Allen and Bishop method for sult)hur in 
pyrites and sulphur ores, 3g0 
Allen and Palmer modification of Ciutzcit’s 
method for arsenic, 40 

Alloys, decomposition of, 63, 85, 141, 150, 
JiS3».^34, hOi, 004, 0f)0, 607, OO9, 070 
detection of gold in, 192 
general, alloys with: 
antimony, 20, 21 
iridium, 337 
iron-titanium, 259 
lead, 21, 234 
manganese, 258 
molybdenum, 259 
nickel, 285, 290 
rhodium, 337 


Alloys, general, silicon, 259 
tin, 21 

titanium, 434 

tungsten, 259, 448, 450, 451 
vanadium, 259 
special alloys, analysis of: ^ 

bearing metal, determination of bis- 
muth, O3 

brass and bronze, determination of: 
arsenic, antimony, copper, lead, iron, 
zinc, 667-668 
vanadium in, 476 

Britannia metal, determining arseniev 
antimony, bismuth, copper, lead, 
iron, manganese, tin, 666-667 
German silver, determining iron, nickel,^ 
zinc, etc., OOg 

manganese, phosphorus bronze - deter- 
mining copper, lead, iron, man- 
ganese, j)liosphorus, zinc, 670 

metal, determining copper, bis- 
muth, lead, 663 

soft solder, determining arsenic, anti- 
mony, iron, lead, tin, zinc, (»6 1-663 
Wood’s metal, determining arsenic, an- 
timony, bismuth, cadmium, coi>j>er, 
iron, lead, tin, zinc, 664-603 
Alpha benzilclioximc method for determining 
nickel, 286 
test for nickel, 273 
Alumina in nitrate of sotla, 304 

in [>hosphate, together with iron, 320 

in Prussian blue, O33 

in ultramarine blue, 638 

in sand, 374 

in silicate of soda, 373 

in tilanifcToiis ores, 446 

in water, 547 

basic, determination of, in aluminum salts, 

13 

and iron oxide in composite white jiaint, 
h33 

in green paint pigments, 640 
in metallic lead, 252 
in Portland cement, 650 
together in phosphate rock, 320 
Alumina ores, arsenic determination in, 44 
Aluminum, detection of, 3, 14 
estimation, general procedures: 

gravimetric, by liydrolysis with ammo- 
nium hydroxide, 7 

by hydrolysis with sodium thiosul- 
phate, Q 

by precipitation as aluminum chloride, 
10 

as phosphate, 9 

volumetric, determination of combined 
alumina, 11 

free alumina or free acid, 12 
9|X*cial procedures: 

analysis of metallic for silicon and 
iron, x6, 17 



SUBJECT INDEX 


863 


Alunflinum, estimation, in iron and steel, i6 
in presence of iron, phenylhydrazine 
method, 446 

impurities in metallic aluminum, 16 
industrial application, 3 
occurrence, minerals and ores, 3 
preparation and solution of the sample, 

3-5 . , , 

extraction of ores for comm rcial valu- 
ation, 4 

metallic aluminum and its alloys, 5 
properties, 3 

aluminum phosphate, to 
separation from ^lucinum, iron, manj'a- 
ncse, nickel, phosphoric acid, silica, 
titanium, uranium, zinc, 5, 0 
from chromium, 134, 135 
from jjliu inum, igo 
sr'lubilities, metal and its oxulc, 3 
traces, detection and estimation of with 
alizarine S, 14 

Aluminum Company" of America, method for 
aluminum, 16 
Alunite, alkalies in, 356 
American Vanadium Company, methods of 
analysis, 474-476 

Amino nitrosophcnyl hydroxylamine method 
for iron, 214 

Ammonia, albuminoid, in water, estimation 
of, S.J7 

free in water, estimation of, 536, 555 
gravimetric method for, determining as 
platino-chloridc, 2 q 6 
volumetric method, 207 
total, in ammoniacal liquor, 297 
volatile, in ammoniacal litiuor, 297 
traces, determination of, in gas, 717 
Ammonium chloride, fusion with perchlorate 
(note), T28 
test for iridium, 330 
test for palladium, 333 
test for platinum, 324 
test for vanadium, 463 
hydroxide method for determining traces 
of copper, 167 
test for iron, 210 
test for palladium, 332 
lest for rhodium, 336 

iridium chloride, determination of iridium 
as, 331 

magnesium phosphate, acid titration of, 256 
properties of, 256 

nitrate washing solution for aluminum 
h^'^droxide, 8 

oxalate reagent for oxygen consumed, 
water analysis, 541 

phospho molybdate method for phosphor- 
us, 3T4 

phosphate method for separating magne- 
sium from alkalies, 347 
platinochloride method for determining 
ammonia, 296 


Ammonium salts, effect on magnesium pre- 
cipitation, 2SS 

effect on sulphur determinations, 395 
determination of ammonia in, 295 
mixtures, ammonia in, 297 
sulphide group, separation of, 142, 254, 344 
sulphide mcthorl for mercury, 272 
test for ruthenium, 334 
test for vanadium, 463 
sulphocyanate test for cobalt, 140 
test for iron, 210 
Andrew’s method for silver, 384 
Andrew- Hurgarszk’s method for analysis of 
crude liromide and bromine, 82 
Anemometer, 692 

Animal and vegetable oils, analysis of, 580 
test for, 590 

Antiiluorescence, tests for, 391 
Antinionous and antimonic salts, distinction 
between, 18 

Antimony, detection of, by hydrogen sulphide 
test, hydroxysis, in minerals, traces, 18 
estimation, general |>rocedurcs: 

gravimetric, electrolytic as metallic 
antimony, 24 
as trisulphide, SboSa 
volumetric, !)romatc method, 26 
indirect evolution method, 28 
iodide method, 26 
oxidation with iodine, 27 
permanganate method, 28 
spec ial procedures: 

determination in alloys, in brass and 
bronze, 668 

in Britannia metal, 667 
in copper, 170 
in hard lead, 25 
in metallic lead, 250 
in Rose's metal, 664 
in soft solder, 23, 662 
in tin and lead allc^ys, 23 
in type metal, 661 
in Wood’s metal, 664 
in presence of vanadium, 472 
industrial application of analysis, 18 
occurrence, minerals, ores, and alloys, 18 
preparation and solution of the sample: 
alloys of antimony, tin, and lead, hard 
lead, low-grade oxides, mattes, slags, 
spcisscs, sulphides, rubber materials, 
1(^21 

properties, antimony trisulphide, 24 
separation from members of the subsequent 
groups, aluminum, chromium, cobalt, 
iron, manganese, nickel, zinc, alkaline 
earths and alkalies, 21 
from bismuth, cadmium, copper, lead 
and mercury, 21 

from arsenic, antimony and tin, 22-23 
from tin in alloys, 660, 667 
solubility of the element and its oxides, 19 
traces, determination of, 28 
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Antwerp blue, analysis of, 638 
Apparatus for cement testinf^, 649 
Arc, electric, temperature of, 780 
Argon in the atmosphere, 292 
Arsenates, alkali, 31 

Arsenates, distinction from arsenites, 30 
Arsenic, detection of, by Gutzeit test, by 
hydrogen sulphide, volatility test, 30 
estimation, general procedures: 

gravimetric, determination as arsenic 
trisulphide, As2S3, 36 
determination as magnesium pyro- 
arsenate, 37 

volumetric, oxidation with iodine, Mohr’s 
method, 39 

silver arsenate method, 40 
special procedures: 

determination in alloys, brass and 
bronze, 668 

in Britannia metal, 667 
in Rose’s metal, 664 
in soft solder, 662 
in type metal, 661 
in Wood's metal, 664 
determination in brimstone, 415 
in copper, 170 
in hydrochloric acid, 510 
in metallic lead, 250^ 
in presence of vanadium, 473 
impurities in arsenic acid,” determina- 
tion of moisture, antimony, arsenic, 
calcium, cobalt, copper, iron, lead, 
nickel and zinc oxides, silica, sulphuric 
acid, 47-4g 

industrial application of methods, 30 
occurrence, minerals, ores, 30 
preparation and solution of the sample, 
alkali arsenates, arsenic acid, arsenous 
oxide, hydrochloric and sulphuric 
acids, pyrites ore, 31 
lead arsenate, zinc arsenite insecticides, 
32 

mispickel, copper, iron and steel, 33 
properties, 30 

separation from other elements by dis- 
tillation, 33 

from antimony and tin, 35 
from tin in alloys, 637 
solubility of oxides, sulphides and other 
salts, 30 

stains, prcscrv'ation of for Gutzeit method, 

41 

traces, determination of by modified Gut- 
zeit method : 

in acids, hydrochloric, nitric, sulphuric, 
33~34 

in baking powders, canned goods, meat, 
organic matter, etc., 45 
in ores, alumina-bearing, bauxite, cin- 
ders, pyrites, 44 

in salts, sodium chloride, magnesium 
sulphate, etc., 45 


Arsenous acid, determination of with iodine 
39 

reduction of bromates with, 82 
chloride, volatility of, 30 
oxide in paint pigments, 629 
in zinc oxide, 629 
Asbestine paint pigment, 631 
Ash, in black paint pigments, 641 
in coal, determination of, 684 
fusibility, 684 

in plants, determining alkalies in, 244 
in turpentine, determination of, 6t8 
Assaying, chapter on furnace methods of, 739 
combination methods, 769 
consequent to furnace operations, 742 
corrected assay, 742 
crucible method of fusion, 744 
cupellation, 759 
cyiinide solutions, gold in, 773 
furnace operations, 741 
preliminary to, 742 
gold determination, 742 
parting, 766 

preliminary to furnace operations, 742 
quantity of sample, intluence of, 742 
roasting, incineration, 743 
sampling, 739 
scorification, 755 
silver determination, 742 
silver and gold retained in the slag, 742 
type schemes, 758 
weight, unit of, definition, 739 
A.S.T.M. standards for C'hincse wood oil, 615 
for linseed oil, boiled and raw, 6x6 
turpentine, 618 

Atomic weights, international, table of, 779 
Attack’s method for traces of aluminum, 14 
Atwater bomb calorimeter (Fig. 105), 679 

Bach's test for rapeseed oil, 595 
Baker and Clark, chapter on tin, 419-430 
Baker’s method for tin, 426 
Baking powder, arsenic (Ictcrmination in, 45 
lead determination in, 243 
phosphate, determination of phosphoric 
acid in, 313 

Balance, Christian Becker, chain type, 
(Fig. S5tir), 323 
Ball mill (Fig. 103), 673 
Bank’s hydrogen sulphide generator (Fig. 4), 
.39 

Barium, detection of with sat. sol. of calcium 
or strontium sulphates, 50 
with soluble chromates, fluosilicic acid, 
flame, 50 
spectrum of, 50 
estimation, genenil procedures: 

gravimetric, determination as chromate, 
BaCrO^, 57 

as sulphate, HaSO^, 58 
volumetric, acid titration of carbonate. 
60 
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Barium, estimation, volumetric, dichromate 
method, 50 

permanganate method, 59 
potassium iodide method, 59 
estimation, special procedures: 

determination in insoluble residue, 57 
in ores, 57 
in silicates, 57 

ore, valuation of. See Barytes, 
industrial application, 50 ^ 
occurrence, ores, commercial p»-oducts, 50 
preparation and solution of '..he sample, 
carbonates, insoluble residue, sul- 
phates, sulphides, soluble salts, or- 
ganic matter, 50^51 
profHTties, barium sulphate, 50, 58 
barium chromate, 58 
separations, general considerations, 51 
from alkalies and magnesium by the 
oxalate and sulphate methods, 53, 54 
from cjilcium and strontium, 54, 55 
from previous groups, 53 
solubilities, barium compounds, 50, 58 
traces, detection of by flame and spectrum, 

50 

Barium acetate or chloride test for chromate, 

chloride in hydnxdiloric acid, 510 

-potassium chromate method for sulphur 
determination, 403 
test for bromate, 78 
test for selenium, 359 
chromate, determination of chromium as, 

property of, 58 
solubility of, 58 

-thiosulphate method for sulphur, 404 
hydroxide method for separating magne- 
sium from alkalies, 346 
sulphate, afiparatus for filtering of, 398 
decomposition for sulphur determina- 
tion, 394 
in blanc fixe, 632 
in lithopone, 630 

precipitation of sulphur as, 395, 396 
properties and solubility of, 58 
Base box, definition (note), 428 
Barnitt, formulae for solutions, 525 
Barton, methods for titanium in steel, 441 
Barton and Scott, chapter on titanium, 432 
Barytes, analysis of, determining barium 
carbonate, barium sulphate, iron and 
aluminum oxides, lime, magnesia, silica, 
soluble SO3, etc., 60 
water test for magnesium, 253 
Basic acetate method for precipitating alu- 
minum and iron, 260 

Basic alumina in aluminum salts, determina- 
tion of, 13 

“Basic hydrochloric achr* in bichloride of 
tin, 424 

Basic nitrate, precipitation of bismuth as, 66 


Baubigny’s method, modified, for deter- 
mining halogens, 130 

Baudisch's cupferron method for iron, 214 
Baudoin*s test for sesame oil, 66 
Bauxite, analysis of, determining soluble and 
total alumina, soluble and total iron, 
insoluble residue, silica, titanium oxide, 

14-15 

arsenic determination in, 44 
Bead test for titanium, 432 
Bearing metal, determining bismuth in, 63 
Bcchi’s test for cottonseed oil, 592 
Becker chain balance (Irig. 55^1), 323 
Bekk’s method for determination of the 
halogens, 130 
Belt dressings, (^01 

Bennett’s method for determiningarscnic, 40 
Benzidine acetate test for gold, 193 
hydrochloric acid method for determining 
sulphates, 405 

sulphate method for sulphates in water, 551 
Benze’s method for determining cerium in 
Wclsbach mantles, 116 
Benzoic acid standard for acidimetry, 504 
Berg, P. \'on, iodine titration of cadmium 
sulphide, 87 

Beryllium. See (ilucinum, 189 
Berzelius process for determining tungsten, 
454 

Betts, nitrometer method, 307 
Bichloride of tin. Acker process for analysis 
of, 425 

hot water [)recipitation of tin in, 424 
sulphide method for tin in, 426 
BidtePs method for valuation of fluorspar,! 86 
Bishop, fuming sulphuric acid table, 795 
Bishop and Allen, method for determining 
sulphur in ores, 396 

Bismuthatc method for determining man- 
ganese, 263 
in steel, 226 
in water, 550 

Bismuth, detection of, general procedure, 
reducing agents, blowpipe test, 62 
estimation, general procedures: 

gravimetric, determination as basic 
chloride, 65 

as metal by cyanide reduction, 68 
as metal by electrolysis, 08 
as oxide, BijOn, 66 
as sulphide, BisSs, 67 
volumetric, bismuth iodide colorimetric 
method, 70 

cinchonine potassium iodide colori- 
metric method, 69 

permanganate titration of oxalate, 68 
estimation, special procedures: 

in alloys and metals, Britannia metal, 667 
in metallic copper, t68 
in metallic lead, 248 
in Rose’s metal, 663 
in Wood’s metal, 664 
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Bismuth, industrial application of methods, 
62 

occurrence, 62 

preparation and solution of the sample, 
alloys, lead bullion, refined lead, 
ores, 62, 63 

properties, bismuth, basic nitrate, 66 
oxy-chloridc, 65 
sulphide, 67 

separations, aluminum, chromium, iron, 
cobalt, manganese, nickel, zinc, ma^^- 
nesium, alkaline earths, alkalies, 64 
from arsenic, antimony, tin, molybde- 
num, selenium, tellurium, 64 
from cadmium and co[)per, 63 
from lead and mercury, 64 
solubility, metal and salts, 62, 65, 66, 67 
traces, determination of, (kj, 70 
Black oils, 601 

Blair, bismuthate method foi determination 
of manganese, 263 

colorimetric method for carbon ilelermina- 
tion in steel, jo<S 

Blanc fixe and barytes, analysis of, 71 1 
BlanKcy’s method for chloric acid, 1 jS 
Blast-furnace ^as, analysis of, 71 r 
Blatliicr and Brassuer, chlorine in chlorates 
and perchlorates, i2(> 
method for reduction of chlorates, 128 
Blay and Burkhard, graduated wei^hinK 
burette (Fi^. 83), 508 
Bleaching powiler, evaluation of, 130 
Blister copjier, electrolytic determination of 
copper in, 158 

Blood, carbon monoxide determination by 
means of, 729 
in, 93 

‘‘ Bloom” in oils, 591 
Blowpme test for bismuth, 62 
test for cadmium, 84 
Blue lead, sublimed, analysis of, 638 
Blue vitriol, copper determination in, 174 
Boiling, prolonged, elTect on aluminum hy- 
droxide precipitate, 8 
effect on glucinum separation from alu- 
minum, IQl 

point chart, sulphuric acid of varying con- 
centration, 502 
Borax bead, boron test, 71 
evaluation of, 76 
Boric acid, evaluation of, 77 

method for determining ammonia (ref- 
erences), 554 

Boron, detection of, borax bead test, proper- 
ties, llamc test, turmeric test, 71 
estimation, general procedures: 

gravimetric, lime fixation method, 74 
method of Hooch and Jones (note), 75 
volumetric determination, 76 
estimation, special procedures: 

determination as boric acid in butter, 73 
in canned goixls, 74 


Boron, estimation, determination, in meat, 
78 

in milk, 73 

in silicates, enamels, etc., 72 
in mineral water, 72 
industrial application of methods, 71 
occurrence, ores, alloys, sundry products, 

71 

preparation and solution of the sample, 
boric acid, boric oxide, boracitc, boro- 
calcite, boronatrocalcite, borax, cal- 
cium borate, enamels, silicates, etc., 72 
carbonates, butter, meat and canned 
goods, 73 
mineral water, 72 

solubility of boron, boric acid, borax, 72 
traces, detection of, by Robin’s test, 77 
Bosvvorth and (iooch, method for silver de- 
termination, 384 

Bowman and Scott, ferrous sulphate method 
for nitric acid, 515 

Bradbury and Owen, alkali I’arbonates and 
hydrates presemt together, 531 
Brass and bronze, analysis of determining 
arsenic, copper, iron, lead, antimony, 
tin and zinc, 667-669 
determination of vanadium in, 478 
method of National Brass and Copper 
Tube Co., lead and copper in, 175 
Breyer, chapter on methods of analysis of 
zinc, 447 

manganese determination in Spiegel iron, 
268 

separation of zinc as sulphide, 485 
Briggs and Scott, moditied Orsat apparatus 
(Kig. 131), 723 

Brimstone, analysis of, determining moisture, 
ash, arsenic, chlorine, and available sul- 
phur in, 415 

Brines, preparation of for alkali determina- 
tion, 344 

Briquettes, cement, details for and illus- 
tration of (Fig. 98), 649 
Britannia metal, analysis of, determining 
arsenic, bismuth, copper, iron, lead, 
antimony, and tin, 666, 667 
British thermal unit (B.t.u.) calculation of, 
681 

determination of heat value of coal, 678 
determination of in illuminating gas, 713 
Bromate method for determining antimony, 
25 

Bromates, detection of, 78 

determination of by arsenous reduction, 82 
Bromine, detection of, tests with carbon 
disulphide, carbon tetrachloride, barium 
chloride, magenta test, silver nitrate, 78 
estimation general proce<lures: 

gravimetric, determination as silver bro- 
mide, 80 

volumetric, free bromine by potassium 
iodide mctliod, 81 
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Bromine, estimation, volumetric, chlorine 
method for soluble bromides, 8i 
silver thicxryana e method of Volhard, 

8i 

estimation, special procedures: 

crude potassium bromide, analysis of, 
82 

impurities in commercial bromine, chlorine 
in, 83 

industrial application, 79 
occurrence, 79 

preparation and solution of ^nc sample, 
organic matter, salts, etc., 79 
properties, 79 

separations from chlorine and iodine, 80 
* heavy metals, cyanides, and silver, 79 
solubility of the element and its salts, 79 
traces, determination of, 81 
Bromine-ammonia method for se])arating 
manganese from /Anc, 480 
precipitating manganese dioxide with, 261 
Bromine number in oil analysis, 586 
Browne’s heating tests for Chinese wood oil, 
614 

Browning- Orushel, scf>aration of magnesium 
from the alkalies, 347 

Browning-Flint, method for determining 
tellurium, 365 

Browning’s Introduction to Rarer Elements 
(reference), 114 

Browning’s test for fluorine, 177 
test for silica, 367 

Buckwheat coal, determination of B.t.u. in, 
example data, 682 
Bunsen pump (Fig. iii), 688 
Bureau of Standards method for carbon in 
steel, 224 

manganese in steel, 228 
phosphorus in steel, 229 
silicon in steel, 232 
sulphur in steel, 230 

Burettes, standard, for acidimetry and alka- 
limetry, 505 

Burges’ nitroso-beta-naphthol method for 
cobalt, 143 

Burkhard and Blay, weighing burette, 508 
Burning oils. See Oils, 567 
Butter, boric acid determination in, 73 
method of analysis. Sec Oils, 599 

Cadmium, detection of, general procedure, 
84 

spectrum of cadmium, blowpipe test, 84 
estimation, general procedure: 
gravimetric, determination as cadmium 
sulphate, 86 

as cadmium sulphide, 491 
as metallic cadmium by electrolysis, 
86, 491 

volumetric, iodine titration of cadmium 
sulphide, 87 

estimation, .special procedures: 


Cadmium, estimation, determinatiem in 
alloys and metals: 
in metallic lead, 250 
in spelter, 491 
in Wood’s metal, 664 
industrial application, 84 
occurrence, 84 

preparation and solution of the sample, 
alloys, carbonates, ores, sulphides, in 
presence of lead, 84, 85 
separation from members of the ammonium 
.sulphide group, alkaline earths and 
the alkalies, 85 

from arsenic, antimony and tin in pres- 
ence and in absence of copper, 85 
from copper in alloys, 665 
from bismuth and lead, 85 
from mercury, 86 
from silica, •85 

Cadmium chhiride and sulphate reagents for 
sulphur determination, 399 
metal in alloys, Apj)endix 
sulphate, determination of, 86 
suli)hide, gravimetric determination of cad- 
mium as, 491 

volumetric determination of cadmium 
as, 87 

Ciesium, detection of, 342 

separation from lithium and sodium, 347 
Cahcn-Little-M organ, arsenic determination 
in organic matter, 32 
Caillet, elaidin test for oils, 582 
Cain and W'itmer, method for vanadium in 
steel, 471 

Calcium, detection of, general procedure, 88 
flame test, spectrum, 88 
estimation, general procedures: 
gravimetric, o.xalate method, 91 
other methods, 92 

volumetric, permanganate titration of 
the o.xalatc, 92 

estimation, special procedures: 

determination of in comi>ositc white 
paints, 634 

in green paint pigments, 640 
in orange and yellow paint pigments. 

<^39 

in Portland cement as CaO (lime), 651 
in sand, 374 
in water, 548 

in water as calcium sulphate, 561 
industrial application of methods, 88 
occurrence, ores, minerals, etc., 88 
preparation and solution of the sample 
cements, dolomites, limestone, mag- 
nesite, gypsum, plaster of Paris, 
silicates, sulphates, sulphides, pyrites, 
salts, 89 

separation from aluminum, iron, copper, 
cobalt, nickel, manganese, zinc and 
members of the hydrogen sulphide 
group, 89 
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Calciumi separation from alkalies, barium, 
strontium, magnesium, P2O3, 90 
from silica, 89 
solubilities, 88 
traces, iletcction of, 88 
Calcium carbonate, apparatus for deter- 
mining in cement mixture, 657 
rapid method for determining in cement, 
650 

fluoride, decomposition of, 179 
method for fluorine, 180 
Calorific' power of illuminating gaS, 713 
of fuel, 678 

Calorimeter, Atwater bomb (Fig. 105), for 
coal, H.t.ii. det., 679 

Junker’s for gas (Figs. 124, 125, J126), 713, 

714 

standardization of the Atwater, 683 
t’amoin’s test for sesame oil, 595 
Candle power of illuminating gas, 712 
Canned goods, arsenic determination in, 45 
tin determination in, 430 
(’aoutchouc in lubricating oil, 578 
C’apometer, Ogi 

Carbide of silicon, decomposition of, 371 
Carbon, detection of carbon dioxide in gas, 93 
carbonates, 93 
carbonic* acid in water, 93 
carbon monoxide in blood, (^3 
estimation, general procedures: 

gravimetric, dry combustion method, 
weighing COj, 05 

wet oxidation process, weighing CO2, 
102 

volumetric, barium hydroxide method, 
titration of carbonate formed, 107 
measurement of volume of CQ2 formed 
(ref.), 107 

estimation, special procedures: 
in black pigments, 640 
in c'oal as “fixed carbon,” 678 
ill iron and steel, gg, 100, 224, 225 
colorimetric method, 108 
graphitic carbon, (;g 
organic substances, 101, 102 
occurrence, 94 

{ireparation of sample, alloys, iron and 
steel, Q4 

separation from iron and steel, cupric 
potassium chloride method, 94 
residue test of lubricating oils, Gray's 
method, 579 

Carbonates in ores, 51, 85, 93, 94, 187, 21 1, 

304 

determination of in presence of other com- 
bined acids, 41 2 

Carbon bisulphide. See Carbon Disulphide. 

Carbon dioxide combined as carbonate: 

estimation, general procedures for de- 
termination, 103 

gravimetric determination in carbon- 
ates, X03 


Carbon dioxide, estimation, gravimetric 
loss of weight method, xo6 
volumetric, measuring the gas evolved, 

estimation, special procedures: 
in ammoniacal gas liquors, 298 
in baking powder, available CQ21 106 
residual CO21 105 
in cement, 74 

in composite white paint, 634 
in corroded white lead, 625 
in blanc fixe, 633 
in gypsum, 632 
in zinc oxide, 627 

free in gaseous mixtures, 292, 698, 700, 
704, 718 

Carbon disulphide, bromine detection with, 

iodine determination with, 206 
purification of (see apparatus for. Fig. 
7)» f>7 

monoxide in blooil, detection of, 93 

in gaseous mixtures, determination of, 

ftftg 

in illuminating gas, determination of, 704 
tetrachloride, bromine test with, 78 
tubes, for colorimetric determination of 
carbon in steel (Fig. 25), 109 
Carbonic acid free in water, 553 
indicators, 708 

Carborundum, silicon carbide, decomposition 
of for silica det., 371 

Carius method for halogens in organic matter, 
121 

Carnot’s method, modified, for determining 
gold, 197 

Cement, analysis and testing of, 642 

apparatus for testing, Fairbank’s testing 
machine (Fig. 100), 648 
gang mold (Fig. 99), 647 
Gilmore needles (Fig. 95), 645 
Le Chatclier’s specific gravity apparatus 
(Fig. 93), 643 

Richl6 automatic cement testing ma- 
chine (Fig. 101), 649 
Vicat needle (Fig. 94), 644 
calcium in, 89 
carbon dioxide in, 94 

mixture, calcium, carbonate, rapid method 
for determining, 656 

normal consistency, determination of, 644 

physical testing, 642 

Portland cement, analysis of, 650 

determination of alkalies, alumina, iron, 
insoluble residue, lime, loss on ig- 
nition, magnesia, silica, sulphur, 
550-553 

rapid method of analysis, 553 
setting time, 645 

soundness or consistency of volume, 646 
specific gravity, 643 
tensile strengm, 647 
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Cement, rock, analysis of (limestone, lime, 
Roscndale cement, etc.), 658 
Cerium, detection of, spectroscopic test, 112 
estimation, gravimetric methods, 115 
volumetric method, it6 
estimation in Welsbach mantles, 116 
industrial application, 113 
occurrence and properties, 112, 113 
preparation of the sample, acul extraction, 
1 14 

fusion method, 114 

separation of the rare earths from iron, 
aluminum, thorium, 114 
from calcium and magnesium, 115 
• of the rare earths from one another, 1 15, 
117 

Chamber burette (Fig. 7 o)» 505 
^hancel’s method for determining aluminum, 

. 0 , 

Character of copper deposits by electrolysis, 
r6i 

Characteristics of some animal and vegetable 
oils, 604, 605 

of some fatty acids from oils, 603 
of waxes, 606 

Chemical tests of water, 536 
Chili saltpeter. Sec Nitrate of Soda under 
Nitrogen, 303 
('himney flue gases, 708 
China clay paint pigment, 631 
Chinese blue, analysis of, 638 
('hinese wood oil, analysis of, determining 
acid number, iodine number, saponifica- 
tion number, s[)ecific gravity, unsapon- 
ifiable matter, refractive index, heating 
and Jelly tests, 613-6x5 
(.'hlorate, test for, xig 
determination of, 1 28 

in presence of perchlorates, 129 
removal of, in sulphur determination, 395 
Chloric acid. See Chlorate. 

Chloride, detection of, 118 

Chlorides, ilelermination of. Sec Chlorine. 

method, for determining silver, 376 
Chlorine, detection of free, tt8 

combined chlorine, chloride by silver 
nitrate test, 118 

test in presence of bromide and iodide, 
J18 

test in presence of cyanate and cyanide, 
thiocyanate, 118 

test for free hydrochloric acid, 118 
lest for chlorate, chlorite, hypochlorite, 
perchlorate, 119 

estimation of combined chlorine as chloride, 
general methods: 

gravimetric method as silver chloride, 
124 

volumetric methods, silver chromate 
method, in neutral solution, 126 
silver thiocyanate method in acid 
solution, 125 


Chlorine, estimation of combined and free 
chlorine, special cases: 
determination combined chlorine in pres- 
ence of bromine and iodine (com- 
bined), 130 

in presence of other acids, 412 
in brimstone, 415 

in cement copper and copper ores, 1 74 
in water, 541, 554 
in zinc oxide, 627 
determination of free chlorine, 127 
in hydrochloric acid, 509 
in nitric acid, 515 

industrial application of methods, 119 
occurrence, xxc) 

preparation and solution of the sample, 
orx's, cinders, rocks, water soluble and 
insoluble chlorides, silver chloride, 120 
organic matter, decomposition by Carius 
method, 121 

decomf)osilion by lime method, 122 
decomposition by sodium peroxide 
method, 122 

separation from iodine, 123 

together with bromine from iodine, 124 
halides from the heavy metals, 123 
halides from one another, 1 23 
halides from silver and from silver 
cyanide, 123 

solubility of chlorine and its salts, 119 
traces, detection of, 118 

determination. See Estimation, Special 
Cases. 

free, liberation of bromine with, 81 
method for decomposing alloys, 666 
water, decomposituin of hydrobromic acid 
in nitric «acid, 296 

Chloroplatinate method for determining 
potassium, 349 
Hicks’ modification, 350 
Chlorosulphonic acid, analysis of, 526 
Chromate, detection of barium with, 50 
method for determining barium as BaCr04, 
57 

volumetric method for determining barium, 
59 

methoxl for determining chlorine, 1 26 
methcKl for determining lead, 236 
Chromic acid, determination of, in presence 
of vanadic acid, 472 
removal of from nitric acid, 296 
hydroxide, precipitation of, 135 
Chromium, detection of, tests with barium 
acetate, ether, lead acetate, mercurous 
nitrate, hydrogen peroxide, reducing 
agents, diphenyl carbazide, 132 
distinction between chromic and chromous 
salts, 132 

estimation, general procedures: 

gravimetric, determination as barium 
chromate, 136 
as the oxide, Cr203, 135 
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Chromiunip estimation, volumetric, ferrous 
sulphate and permanganate 
method, 

iodide method, 1,^7 
estimation, special procedures: 
determination in f^rcen paint pigments, 
640 

in orange and yellow paint pigments, 

in presence of vanadium, 473 
industrial application of methods for, 132 
octurrence, 132 

preparation and solution of the sample, 
refractor^' materials, materials high in 
silica, chrome iron ores, 133 
iron and steel, 134 

separations, from alumina and iron, 134, 

solubility of the metal, 133 
traces, detection, 132 
estimation, 138 

Chromium salts, comfKirison with vanadium 
salts, 4^13 

Cinchonine potassium iodide mcthocl Tor 
determining bismuth, (h) 

('inders, chlorine in, 120 
Citric acid, analysis of, 530 

reagent for calcium determination, go 
Clark and baker, chapter on tin, 41 (>-430 
Clark’s modification of Mohr’s method for 
antimony, 27 

method for separation of antimony from 
tin, 22 

Classen, deposition of gold, ro5 

and Henz method for determining tin, 430 
and Reiss method for determining anti- 
mony, 24 

Cleveland cuf) for fire test of lubricating oils, 
577 

C\wil, methods of analysis, 672 
ash, determination of, 674 
Atwater bomb calorimeter (Fig. T05), 68g 
buckwheat coal, typical analysis of, ^>82 
calculation of H.t.u., 081 
calorific value, determination of, 678 
calorimeter, standardization of, 083 
composition of, 709 
fixed carbon, determination of, 678 
fusibility of coal ash, 684 
Hoskins’ electric furnace (Fig. 107), 684 
moisture determination in coal, O74 
preparation of the sample, O72 
references, 685 
sampling coal, (>72 
quartering (Fig. 103), 673 
turbidimetric sulf)hur tabic, 676, 677 
volatile combustible matter, determination 
of, 674 

volatile sulphur, determination of, 675 
Cobalt, detection of, general procedure, 140 
ammonium sulphocyanate test for, 140 
dicyandiamidine sulphate test for, 140 


Cobalt, potassium nitrite, potassium sulpho- 

cyanate tests, 140 
estimation, general procedures: 

gravimetric, dcfwsition of the metal by 
electrolysis, 144 

nitroso-beta-naphthol method, 143 
potassium nitrite method, 143 
estimation, special procedures: 
determination in cobalt oxide, 145 
in copper (metallic), 146 
in enamels, 147 
in ferro-cobalt, 146 
in lead (metallic), 146 
in metallic cobalt, 146 
in metallic nickel, 146 ^ 

in ores, 147 
in steel, 148 

preparation and solution of the sampl9, 
metallic cobalt, nickel, and cobalt al- 
loys, cobalt oxides, ores containing 
cobalt, 14 1 

separation of ammonium sulphide fiom 
the hydrogen sulphide group, 142 
ammonium sulphide group from alka- 
line earths and alkalies, 142 
cobalt and nickel from manganese, 142 
cobalt from nickel and from zinc, 142 
Cold test for lubricating oils, 576 
Color in butler, detection of, 600 
Color comparitor or camera for det. carbon 
in steel (Fig. 2fi), loy 

Color, organic, in red and brown pigments, 

Color test in turpentine, 617 
Color test of water, 534 
Colorimeter (Figs. 43, (>q, 70), 245, 440, 442 
Colorimetric determination of aluminum, 14 
of ammonia, 299, 537 
of bismuth, 70 
of carbon, to8 
of chromium, 138 
of copper, Tf)5, iftf), 167 
of fluorine, 183 
of gold, 197 
of iron, 222, 223 
of lead, 243 
of manganese, 267 
of titanium, 439, 441, 444 
Columbium, detection of, 455 
estimation, procedure, 457 
oircurrcnce, 455 

separation from antimony, silica, tin, 
tungsten, 457 

isolation of columbium and tantalum 
oxides, 456 

Combination methods, silver determina- 
tion, 383 

Combined sulphuric acid in aluminum salts, 
12 

in cement, 652 

in sulphates. See chapter on Sulphur, 
in soluble sulphates, 403 
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Combustion furnace for carbon determina- 
tion, q6 

hinged type (Fig. 320), 174 
for assaying, 748 

method for ^carbon determination, 96, 
225 

Constant temperature bath, 160 
Constants of various oils, 6r6 
Container for gas sample (Fig. 112), 689 
Conversion factors, Baum6 to specific grav- 
ity, 819 
formulate, 804 

lingler, Redwood, and Saybolt times - 
comparison, 607 

temperature, (Centigrade to Fahrenheit, 
• 818 

weights and measures customary and 
metric systems, 820 

Oooper Hewitt mercury light (Fig. 44), 247 
Copper, detection of, general procedure, 
hydrogen sulphide test, ilame test, re- 
duction tests, 149 
estimation, general firocedures: 

gravirnelric, copper oxide metluMl, 162 
cuprous sulphocyanate nulhod, 153 
electrolytic methods, [ireliminary re- 
marks, 155 
rapid methods, 157 
slow methods, 138 
electrolysis, effect of impurities on, 
161 

precautions and notes on pro^ 
cedure, 16 1 

removal of deposit, 1O2 
hydrogen rediu'tion method, 173 
volumetric methods, potassium cyanide 
jirocedure, 104 

potassium iodide metho<l, 163 
estimation, special procedures: 

determination of cofiper in alloys and 
metals, brass and bronze, 008 
in Britannia metal, OO7 
in lead, metallic, 250 
in manganese phosphorus bronze, 
670 

in refined copper, 1 73 
in Rose’s metal, 663 
in type metal, 660 
in Wood’s metal, 665 
determination in water, 557 
impurities in blister and refined copper: 
areenic, 33 

bismuth and iron, 168 
antimony, arsenic, selenium, and tel- 
lurium, 170 

cobalt, lead, nickel and zinc, 169 
oxygen and sulphur, 172 
phosphorus, 173 

chlorine in cement copi>er and Copper 
ores, 1 74 

industrial application of methods, 149 
occurrence, 149 


Copper, preparation and^ solution of the 
sample, alloys, cast iron, steel, matte, 
slag, iron ores, and iron ore briquettes 
and metals, sulphide ores,^ copper 
glance, coj^per pyrites, and iron py- 
rites, ISO IS3 

separations, deiK)sition by a more positive 
metal, 154 

precipitation as copper sulphocyanate, r 33 
removal of members of subseciucnt 
groups, 133 

removal of arsenic, antimony, bismuth, 
l‘.‘ad, silver, tin, 154 
removal of cadmium, 133, 66$ 
solubility of the metal, 130 
traces of, ammonia method, 167 
hydrogen sulphide method, iby 
ferrocyanide method, 166 
potassium ethyl xanthatc mcthotl, 163 
Copper pyrites, 130 

sulphate for determining hydrocyanic acid, 
X 10 

standard solutions (see also “reagents"), 
ifiji *fi5» 

Corrosion, acid waters, calculation of, 363 
Cottonseed oil, test for (see (Jils), 592 
Craig’s method, modified, for basic alumina 
or free acid in aluminum .salts, 12 
Crawford-Lenher colorimetric method for 
titanium, 444 

(^rook’s select met hods of analysis (reference), 
1 16 

Cupferron method for iron, 214 
('uj)ric [H)tassium-chloride reagent, prepara- 
tion of, 93 

(!upro- vanadium, 476 

Cuprous chlorine, ammoniacal and acid, 
])reparation for gas analysis, 734 
-sulphocyanate method for tletermining 
copper, 133, 1O2 

(Cyanide, determination of, 110, ur 
C’yanide process for tin ores, 420 
Cyanide, silver determination as, 377 
volumetric determination of silver, 383 

Dely weighing tube (iMg. 81), 506 
Deniges and (jhelle bromine test, 78 
Denig^s’ cyanide method for determining 
silver, 383 

Derby, chapter on assaying, 739 
chapter on gold, 192 
chapter on silver, 373 
and Scott, chapter on copper, 149 
Deshey’s method for manganese in steel, 227 
Detection. See under name of element 
sought. 

Devarda apparatus for determining nitrates 
sOf 301 

Devarda’s method, modified, determination 
of nitrates by, 300 

Dichromate of potassium method for iron, 216 
titration in determining chromiumi 138 
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DicyancJiatnuline sulphate test for cobalt, 140 
Dietz and MarKosches method for deter- 
mining iodine, 205 

Dimethyl ^ly^^inie method for nickel, 287 
test for nickel, 283 

Dioxi<lc of manRanesc, separation of by 
means of bromine, 261 

Diphenyl-cnd<vanilo-hydro-triazole (nitron) 
method for nitrates, 20b, 209 
Diphenylamine test for nitrates, 2()2 
Diphenyl carhazidc test for chromium 
(chromate), 132 

Distillation of arsenious chloride, 35 

method for separating selenium and tel- 
lurium, 361 
test for oils, 56Q 

Dittrich, small amounts of chromium, 138 
Dividing pipette (l*’igs. 30 and 42), 160, 233 
Doerflingcr and Scott, chapter on chlorine, 
1 18 

Dolomites, 8g, Q4 

Dole, field assay of water, 565 

Dowsett’s factory test for gold, 198 

Drying oils, list of, O02 

Drying test of oils, 507 

Du Pont’s nitrometer, 306, 307 

Dupre's metliod for iodine, modified, 207 

Dust, determination of in gas, 712 

Edgar’s method of reduction of vanadium 
with sulphur dioxide, 282 
volumetric determination of vanadium, ar- 
senic or antimony, in presence of 
one another, 472 

of vanadium aiul molybdenum, in 
presence of one another, 471 
of vanadium and chromium acids, in 
presence of one another, 473 
I'Milde fats (see Oils), 509 
Klaidin test for oils, 582 
Electric Heating Apparatus Co., furnace, 
hinged design, 174 

Electrolyte, test for copper in, after elec- 
trolysis, i()i 

ICIectrolytic determination of antimony, 24 
bismuth, 68 
cadmium, 86 
cobalt, 144 
copper, 155 
gold, 104 
lead, 238 
mercury, 272 
nickel, 289 
platinum, 329 
silver, 377 
tin, 430 
zinc, 470 

Elliott apparatus for gas analysis (Fig. 121), 
700 

Enamel, cobalt determination in, 147 
Engler’s method, distillation test of oil, 569 
viscosimeter, 572 


Engler and Haase on flash test of oil, 567 
Erbium, 112, 113 

Errors, causes of in silica determination, 368 
in determining the alkaline earths, 51 
Eschka’s methocl for sulphur in coal, 393 
Etching test for fluorine (Fig. 33), 176 
Ether, chromium detection by, 132 
Evaluation of bauxite, 15 
of fluorspar, 186 

Evaporation test of lubricating oils, 575 
Evolution apparatus for sulphur ileiermina- 
tion (Kig. 64), 500 
methcMl for antimony, 28 
metluxl for sulphur, 398 
Exit gases, sulphur dioxide in, 722 « 


Factors, conversion, 804, 818-820. Sec also 
“ Tables ” in index. 

Fairbanks cement testing machine, 648 
Fairbanks and Ciooch method for molyb- 
denum, 280 

Fats (see under Oils), 599 
Fatty acifis, table of, 603 
Fatty oils, test for in lubricating oils, 

578 

Ferguson’s colorimetric method for bismuth, 
6q 

electrolytic method for copper, 159, 173 
tables of properties, sec Fart III. 

Ferric chloriile method for determining 
fluorine, 183 
for tin, 429 
reagent for tin, 430 
iron in aluminum salt, 12 
iron, determination with stannous chloride, 
221 

oxide, (letemiinalion of iron as, 213 
oxide, in zinc oxiile, 629 
salts, decomposition of iodirles with, 205 
salt, titanium determinatiem with, 437, 438 
Ferro-carbon titanium, determination of ti- 
tanium in, gravimetric' method, 436 
determination of titanium in, volumetric 
method, 438 

determination of titanium in steel, 441 
Ferrex'yanide .solution, standardization of, 
480, 482 

method for determination of copper, 166 
for lead, 238 
for zinc, 480-487 
Fcrrosilicons, 371 
Ferrous iron in aluminum salt, 12 
reduction of chlorates, 128 
of chromates, 132 
test for platinum, 325 
test for palladium, 333 
salts for reduction, chromium determina- 
tion, 137 

sulphate method for determining nitric 
acid, 515 

preparation of reagents, 517, 518, 5x9 
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Ferrous sulphate, procedure for determining 
persulphates, 406 
test for nitrates, 292 
Ferro- tungsten alloys, 451 
typical analysis of, 449 
Ferro-vanadium, dct. vanadium in, 474 
method by American Vanadium Co., 474 
Fertilizers, mixed, 343 
organic compounds, 344 
potash salts, 343 
Field assay of water, 363 
Fineness in cement testing, 642 
Finn’s method of basicity of white lead, 626 
Fire test of lubricating oils, 577 
Fi^ced carbon in coal, O7H 
Fixed oils, fats and w^axes (sec Oils, Fats, and 
Waxes), 560 

.Fixed oils and resins in varnish, 618 
Flame, coloration of, by barium, 50 
boron, 79 
calcium, 88 
copper, 149 

potassium, sodium, caesium, lithium, 
and rubidium, 341, 342 
strontium, 387 

temperature of, see table, 780 
Flash test or point of burning oils, 567 
of lubricating oils, 57O 
varnish, 618 

Fleming’s gas absori)tion bulb, gS 
Fleming method for carbon in steel, q 6 
Flint and Browning’s method for determining 
tellurium, 365 
Flue gases, 708 

Fluorides, elTect on aluminum precipitation, 8 
Fluoride of potassium reagent, 12 
Fluorides, silica determination in presence 

oj , 370 . 

Fluoride of sodium, evaluation of, determin- 
ing sodium fluoride, sodium sulphate, 
sodium thiosulphate, sodium chloride, 
silica, volatile matter, water, 187 
Fluorine, detection of, etching, black filter 
and hanging drop tests, 176, 177 
estimation, gravimetric, calcium fluoride 
method, 180 

lead chloro fluoride method, 181 
volumetric methods, colorimetric meth- 
od of Steiger, 183 
ferric chloride method, 183 
silicon tetrafluoride method, OlTerman’s, 
182 

occurrence of, 1 78 

preparation of the sample, calcium fluoride, 
hydroflu<>ric acid, organic substances, 
silicious ores and slags, soluble fluor- 
ides, fluorspar, 178, 179 
separation, from boric, hydrochloric, phos- 
phoric acids, 180 
from silica, 179 
solubility of salts, 178 
standard solutions, 184 
traces, determination of, 188 


Fluorspar, valuation of, determining cal- 
cium carbonate, calcium fluoride and 
silica, 179, 186 

Fluosilicic acid, precipitation of barium 
with, 50 

Foaming and priming in water, 563 
Foods, arsenic in, 45 
Formic acid in acetic acid, 527 
test for iridium, 330 
test for palladium, 333 
test for platinum, 325 
test for rhodium, 336 

Formulae for diluting or strengthening acids, 

525 . , 

fluorine determination, Merwin s, 186 
heat value of coal, 6S1 
of gas, 715 

iodine value for SO2, Reich test, 722 
lime and soda value in water analysis, 561 
reduction of volume of gas to standard 
volume, 721 

Free acid in aluminum salts, 12-13 
in presence of iron salts, 532 
test in oils, 596 

French, chapter on water analysis, 533 
Fresenius, separation of magnesium and the 
alkalies (ref)., 346 

method for separating barium, calcium, 
and strontium, 55 
method for determining iodine, 206 
ancl Popp, boric acid in meat, 73 
Friction test of lubricating oils, 580 
FYiedrich’s spiral gas washing bottle (Fig. 

1 1 6 ), ()()3 

Fuel gases, 7 1 1 

Fuming sulphuricacidequivalents (table), 526 
Furfurol in acetic acid, 527, 528 
F’usibility of coal, 684 

Fusion metluMl for decomposition of rare 
earth ores, 114 

for ores with selenium and tellurium, 
360 

for potassium bisulphate, 4 
for sodium carbonate, 4 
for sulphur ores, 393 
for titanium ores, 434 
for tungsten minerals, 449 
of ores with sodium hydroxide, 20 
with sodium and potassium carbonate, 212 

Gang mold for cement (Fig. 99), 647 
Gardner and Schaeffer, chapter on analysis 
of paints, 609 641 
Gjis, analysis, 687 

apparatus, absorption bulbs, pipettes, 
tubes, 693 

measurement of large quantities of gas: 
anemometer, capometer, orifice meter, 
Pitot tube, rotameter, Thomas 
electric meter,- wet meter, 689, 692 
measurement of small quantities of gas: 
Hempel’s gas burette, separatory fun- 
nel and graduate, 692 
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Gas, apparatus, analytical, Elliott’s appa- 
ratus, 700 
Hem|>ers, 701 
Orsat’s, O97 

Orsat modified by Hfiggs and Scott, 
723 

sampling tubes, pump, containers, 687- 
689 

application and interpretation of results, 
708 

examination of gases, detection of, tables 
of, 694 696 

gases absorbed by silver nitrate, 695 
by sulphuric acid, t^94 
by potassium hydroxide, 695 
unabsorbed, 6g6 

acetylene, det. oxygen, hydrogen, me- 
thane, nitrogen, sulfdiur containing 
gases, phosphoric, 727 
air, moisture, carbon dioxide, bacteria, 
carbon monoxide, ozone, 729 
chimney and Hue gases, carbon dioxi<lc, 
indicators, temperature determina- 
tion of, 708, 709 

electrolytic gas, chlorine and other gases, 

727 

illuminating gas, 703 
ammonia in, 717 
calorific value of, 713 
candle-power of, 712 
illuminaiits and oxygen in, 704 
carbon dioxide in, 718 
methane and hydrogen in, Hempel’s 
and Ilinmairs methods, 704, 705 
naphthalene in, 718 
nitrogen in, 700 
specific gravity of, 718 
sulpluir and sulphuretted hydrogen 
in, 716, 717 
tar in, 720 

mine gases, carbon dioxide in, 72O 
moisture in gases, 731 

nitrogen in gases, nitrometer method, 732 
producers, fuel blast furnace gases, 722 
dust determination in, 712 
sulphuric ackl gases, burner gases, 720 
nitrogen oxide in, 72O 
sulphur dioxide in exit gases, 722 
in inlet gases, 723 

general procedures with spei ial apparatus: 
Elliott, determination of carbon mon- 
oxide, carbon dioxide, oxygen, 700, 
701 

Ilcmpel, determination of oxygen by 
hydrogen combustion, 703 
by phosphorus method, 702 
by pyrogallatc of potassium, 703 
illuminating gas, 703 
Junker’s calorimeter, 713 
Orsat, determination of carbon mon- 
oxide, carbon dioxide, hydrocarbons, 
oxygen, O97, O99 


Gas, Orsat apparatus, modified by Briggs 
anrl Scott for determining sulphur 
dioxide in inlet gases, 723 
tables, 736-738 

Gasoline test for lubricating oils, 579 
(]ay-Lussac apparatus (Fig. 59), for silver 
determination, 381 
method for determining silver, 379 
Geisslcr absorption bulb for carbon dioxide 
determination, 96 

Gcrhardt absorption bulb for carbon dioxide 
determination, q6 

German silver, analysis of, determining cop- 
per, lead, arsenic, antimony, and tin, 
iron, nickel, zinc, 6O9 

Gibb’s method for determining manganc^, 
262 

Gill, chapter on fixed oils, [fats and waxes, 
566 60S t 

chapter on analysis of gas, 687-738 
carbon nionoxulc in atmospheric air, 729 
on use of sodium pyrogallatc (not^ i), 
oxygen in gas, 702 
Gilmore’s needles (Fig. 95), 645 
Glucinum, detection of, 189 

estimation, gravimetric method, 190 
occurrence, 189 

separation from aluminum, chromium, iron, 
manganese, zirconium , and yttrium, 1 00 
Glycerol, boric acid titration in, 70, 77 
Gold detection of in alloys, 192 
benzidine acetate test, 193 
f)heny I hydrazine acetate test, 193 
test for in minerals, 192 
estimation, general procedures: 

gravimetric, electrolytic method, 194 
procedures of Cassell, JVIoir, Pristcr, 
197 

wet assay of minerals, 194 
volumetric methods: 

colorimetric method, 197 
iodide method, 196 
EenheFs method, 195 
permanganate method, 195 
prej)aration of proof gold, 198 
solul)ility, 198 

Gooch method for determining lithium, 353 
for determining titanium, modified, 435 
and Blake’s method for determining bro- 
mates, 82 

and Bosworth’s method for determining 
silver, 384 

and lOnsiger, separation of bromine from 
iodine, 80 

and Fairbanks’ method for molybdenum, 
280 

and Jones, method for boron, 75 
Graphite, carbon determination in, 110 
determination of, in crude mineral, no 
in iron and steel, determination of, 99 
Graphitic silicon in aluminum, determination 
of, 17 



SUBJECT INDEX 


875 


Gravimetric methods. Sec under element 
in question. 

Gray’s method, carbon residue test in oil, 579 
distillation flask (Fig. gi), 579 
Greef’s method for determining fluorine, 183 
Gregory, test for silver, 375 
Grdger, decomposition of chromic oxide 
(note), 134 

chromium determination (note), 137 
Gumming test in lubricating oils 578 
Gutbicr and Hiiller, method fo* zirconium, 
4q6 

Gutzeit apparatus, arsenic determination 
(Fig. 6), 46 

• method for determining arsenic, modified, 

46 

Gryory’s method for determining antimony, 

• 25 

Gypsum, 89 

Hale, chapter on methods for analysis of coal, 
672 

soap test for hanlness in water, 560 
starch, preparation of, 556 
water analysis, 565 

Halogens, sefniration and determination in 
presence of one another, 130 
Halpen’s test for cottonseed oil, 592 
Handy’s volumetric method for magnesium, 
256 

Hanging drop test for fluorine, 177 
Hanus’s method for iodine iium!)er of oils, 584 
Hardened oils (see Oils, Fat.s, Waxes), Ooi 
Hard, lead, antimony in, 25 
decomposition of, 21, 25 
Hardness, determination of, in water, 557 
Heath, permanent coj)per standard solu- 
tion (ref.), 1O7 

Heath’s solenoid, rapid deposition of copper 

i>y, 157 

Heat passing up chimney, calculation of, 709 
Heating test of paint vehicles (Chinese wood 
oil), hi 4 

Helium in tlie atmosphere, 292 
llempcl apparatus, 701 
gas burette (Fig. 122), 692 
method for determining methane and hy- 
drogen, 705 

apparatus description (Figs 122, 123), 
701-703 

Henz and Classen method for tin, 430 
Herig automatic device for burette, 505 
Herting, volumetric method for tungsten, 454 
Hesse’s method for carbon dioxicle in at- 
mospheric air (Fig. 132), 728 
Hexabromide test for linseed oil, 593 
Ifickman, chapter on platinum and platinum 
group, 324 

Hicks, chapter on potassium, sodium, and 
other alkalies, 341 

chloroplatinatc method for potassium, 350 
Hildebrand on Portland cement analysis, 652 


Ilillebrand, alkalies (ref.), 355 
on silica determination (ref.), 372 
Ilinman’s method for determining methane 
and hydrogen, 704 

and Jenkins, sulphur apparatus (Fig. 127), 
716 

volumetric method for sulphur, 404 
Hintz and Weber on suli)hur precipitation, 
395 

Ilolde, caoutchouc in lubricating oil, 578 
Hollo way-Kschka process for determining 
mercury, 273 

Hommel’s process for separating molybde- 
num and tungsten, 452 
Hooper’s method for treatment of spiesses, 
slags, mattes, etc., 20 
Hoskins* electric furnace (Fig. 107), 684 
Plot water precipitation of tin, 424 
Howard-Harrison, fusion of sulphide ores, 20 
Hubl’s method for iodine number in oils, 585 
Hiiller and Gutbier method for zirconium, 
496 

Hydrazine sulphate, decomposition of nitrous 
acid, 296 

reduction of chromic acid, 296 
IJydriodic aiid, removal of from nitric acid, 
296 

Hydrobromic acid, removal of from nitric 
acid, 296 

Hydrocarbons in gas analysis, 699 
in illuminating gas, 704 
H3^<Jrochloric acid, detection of free, tt8 
estimation, gravimetric methods for, 124 
volumetric methods, 125, 5o<> 
in presence of chloric and perchloric ai ids, 
120 

impurities in, arsenic, 31, 44, 510 
barium chloride in, 510 
chlorine, free, in, 509 
nitric acid and nitrates in, 509, 513 
. silica and total solids in, 510 

sulphuric acid and sulphates in, 509 
preparation of arsenic-free acid (Fig. 5), 43 
reduction of selenic and telluric acids, 365 
in acetic acid, 529 
in ammoniacal li(|uors, 298 
basic or free in bichloride of tin, 424 
test for iron, 210 
test for lead, 233 
test for mercury, 270 
test for selenium, 359 
test for tellurium, 359 

Hydrocyanic acid, volumetric determination, 
ixo 

Hydrofluoric acid, analysis of, total acidity, 

511 

gravimetric estimation, preparation of 
samffle for, 1 79 
hydrofluosilicic acid in, 511 
sulphuric acid in, 511 
sulphurous acid in, 511 
decomposition of rare earth ores with, 1x4 
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Hyclrofluosalicic acid in hydrofluoric acid, 511 
Hydrogen chloride gas, generation of (note), 
10 

Hydrogen combustion method for det. oxy- 
Ren, 703 

determination in gas, 704, 705 
in the atmosphere, 292 
generator, 734 

reduction method for copper, 1 73 
reduction of rhodium salts, 336 
reduction of tin ores, 421 
Hyflrogen peroxide, chromium detection by, 

metho«l for iodine, 207 
method for titanium, 439 
method for detecting vanadium, 463 
test for thorium, 416, 418 
-phosphoric acid method for decompos- 
ing iodides, 207 

Hydrogen sulphide, evolution of in sulphur 
det., 401 

estimation of, 407 
in ammoniacal liquors, 299 
in gas, 717 
in water, 555 

group, separation of, 142, 254, 344 

precipitation of molybdenum, 279 

reduction of chromates, 132 

reduction of ferric solutions, 215 

test for iridium, 330 

test for lead, 233 

test for mercury, 270 

test for nickel, 283 

test for palkulium, 333 

test for platinum, 324 

test for rhodium, 336 

test for ruthenium, 334 

test for selenium, 359 

test for tellurium, 359 

test for v^anadium, 463 

test for copper, 149 

Hydrolysis of aluminum salt with ammonia, 7 
with thiosulphate, 9 
method for tin, 422 

Hydrometer for specific gravity of oils, 5O9 
Hydroxide of aluminum, precipitation, 7, 9 
effect of boiling, 8 
of bismuth, precipitation of, 66 
hydroxy lamine hydrochloride, 551 
Hy|H>chloritc, test for, 119 
det. of, 127 
in presence of Cl, 127 
Hypochlorous acid, detection of, 119 
determination of, 127 
Hypophosphorous acid, test for, 310 

Ignition loss in asbestine, china clay, silica, 
silex, 631 

ill Rypsum, plaster of Paris, 632 
in barytes and blanc fixe, 632 
Illuminants in gas analysis, 704 
Illuminating gas, analysis of, 703, 712 


Impurities. See complete anal3^is of sub- 
stances in question. 

Indicators, 499 

Indirect meth^ for determining sodium and 
|>otassium, 352 

Inlet gases, sulphur dioxide in, 723^ 
Insecticides, water-soluble arsenic in, 32 
Insoluble matter in asbestine, china clay, 
silica, silex, 631 * 
in composite white paint, 633 
in orange and yellow pigments, 639 
residue in Portland cement, 653 
in sodium fluoride, t88 
in sodium nitrate, 303 
in zinc oxide, 628 
barium sulphate in, 51, 56 
Interrelation of results in gas analysis, 708 
in mineral analysis of water, 562 
in sanitary analysis of water, 543 
lodale, determination of, 208 
and periodate in a mixture, 208 
lodale of potassium, decomposition ol iodide 
with, 205 

Iodide of potassium, reduction of ferric solu- 
tions with, 216 

Iodide method for antimony, 26 
method for arsenic, 39 
for chromium determination, 137 
for gold determination, 196 
for metabisulphitcs, sulphites, sulphu- 
rous acid, thiosulphates, 110 
for .selenium and tellurium, 365 
for delermining tin, 426 
Iodine, detection of free, combined, iodate, 
200 

estimation, general procedures: 
gravimetric as palladous iodide, 203 
as silver iodide, 203 

volumetric determination of hydriodic 
acid and soluble iodides, 203 
liberation of iodine with chlorine 
(Mohr-Dupre), 207 
of ferric s;iUs, 205 

of hydrogen peroxide and lAosphoric 
arid, 207 

of iodate of potassium, 205 
of nitrous acid, Fresenius method, 
206 

Volhard^s method, 207 
estimation, special procedures: 

in nitric acid, determination of, 514 
occurrence, 200 

prct)aratic>n of the sample for estimation 
of iodine in iodides, iodates, commer- 
cial iodine, minerals, organic sub- 
stances, phosphates, water, 201 
separation from heavy metals, from bro- 
mine and chlorine, 202, 203 
solubility of the element and its salts, 200 
Iodine jelly test of paint vehicles, 614 
number (Hiibl), in oil analysis, 583, 613 
standard solution of (sec Reagents), 28 
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Iridium, detection of, 330 
estimation, gravimetric methods by ig- 
nition of: 

ammonium iridium chloride, 331 
reduction with zinc, 331 
obtaining as residue, 332 
preparation of the sample for analysis, 330 
properties of, 330 
separation from platinum, 331 
Iron, detection of, tests with h'-'drochloric 
acid, ferrcK'yanide, salicylic a^..d, sodium 
peroxide, sulphocyanato, 210 
distinction between ferrous and ferric 
salts, 210 

estimation, general procedures: 

gravimetric, determination as ferric 
oxide, I'V-iOij, 2x3 
cupferron method, 2x4 
volumetric methods, oxidation pro- 
cei lures : 

I>reliminary reduction with hydrogen 
sulphide, metal, potassium iodide, 
sulphurous acid, test lead, zinc, 215, 

2X6 

potassium dichromate method, 216 
potassium })ermanganale mclhofl, 218 
re<luction proceclure with stannous 
chloride, 221 

estimation, special procedures: 

determination in alloys and metals: 
in brass and bronze, 660 
in Britannia metal, 667 
in copper, 168 
in German silver, 669 
in lead, 252 

in manganese phosphorus bronze, 670 
in Rose’s metal, O64 
in spelter, 490 
in type metal, 660 
determination in bauxite, 15 

in paint pigments (iron oxides), 629, 
b33, 637, 640 
in phosphates, 320, 322 
in Portland cement, 651 
in sand, 374 
in sodium nitrate, 303 
in spent oxide, 415 
in tltaniferous ores, 446 
in water, as ferrous and ferric iron, 547 
determination of in presence of vana- 
dium, 469, 472 

industrial application of methods, 210 
occurrence, ores and minerals, carbonates, 
oxides, sulphides, 210, 211 
preparation and solution of the sample, 
iron and steel, 212 

ores, soluble salts, silicates, etc., 21 1, 212 
separation. See element from which sep- 
aration is desired. 

solubilities, general considerations, 21 1 
traces, salicylic acid method, 223 
sulphocyanate method, 222 


Iron and steel analysis, decomposition of, for 
determining iron, 212 
determination of aluminum in, 16 
arsenic in, 33 

carbon in, combined, colorimetric de- 
termination, X08, 224 
graphitic, 227 
total, 95-101, 22$ 
chromium in, 134 
cobalt in, 148 

manganese in, bismuthatc method for, 
228, 263 

Deshey’s method, 227, 268 
persulphate method, 227, 267 
Volhard’s method, 266 
determination in spiegcl iron, 268 
molybdenum in, 276, 278 
nickel in, 285 

phosphorus in, 229, 316-3x8 
silicon in, 231, 371 

rapid foundry method of determina- 
tion, 232 

sulphur in, gravimetric, 230 
volumetric, 229, 398-402 
titanium in, 441 
tungsten in, 448, 450 
vanadium in, 464, 47 x, 475 
specifications for elements in steel: 
carbon, 228 
manganese, 2 28 
phosphorus, 229 
silicon, 232 
sulphur, 231 

Iron ores and iron-ore briquettes, cof)per de- 
termination in, 152 

ore briquettes, reduction for sulphur de- 
termination, 400 
separation from chromium, 134 
sulphide, available Hi»S in, 401, 407 
Irrigating waters, 564 

Jannasch method for separation of the 
halogens, 202 

metallic test for palladium, 333 
for platinum, 325 
for rhodium, 336 
for iodine (ref.), 123 
precipitation of bismuth hydroxide, 67 
Jenkins’ apparatus for specific gravity of 
gas (Fig. 129), 7 IQ 

and Uinman gas-sulphur apparatus (Fig. 
127), 716 

Jolly’s method for traces of thorium, 418 
Jones reductor apparatus (Fig. 40), 220 

method for iron determination, 216, 
219 

method for molybdenum determination, 
281 

method for phosphorus determination, 

317 

Junker’s calorimeter (Figs. 124, 125, X26)0 

713* 714 
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Kchrmtinn’s separation of tungsten from 
arsenic and phosphorus, 452 

Keller’s method for separating selenium .and 
tellurium, 

Kelly, traces of antimony, 2 q 

Kempf’s oxalic acid method for determina- 
tion of persulphates, 406 

Kjcldahl digestion for nitrogen determina- 
tion, 204 

Kneeland, decomposition of ores and slags, 
178 

Knorr’s persulphate method for determining 
manganese in water, 550 
apparatus, modified, for carbon dioxide 
determination, 104 
method ftir purification of silv'er, J85 

Krypton in the atmosphere, 292 

Laemoid indicator, prefKiration of, 608 
uses of, 500 

l^andrum, cobalt in cobalt oxide, 145 
cobalt in enamels, T47 
method for cobalt in enamels, 147 

Lanthanum, 112, 113 

Lard, cottonseed oil in, Ooo 
water in, 600 

Lawrence Smith (J.), method for alkalies in 
silicates, 355 

Lead, detection of, tests with hydrochloric 
acid, hydrogen sulphide, iiotassium di- 
chromale and potassium chromate, 233 
estimation, general procedures: 

gravimetric method, determining as 
chromate, PbOOi, 23O 
as molybdate, IMiMoOi, 237 
as jKToxide, PbOa, by electrolysis, 238 
as sulphate, PbSOi, 23O 
volumetric methods, ferrocyanide titra- 
tion, 238 

molybdate method of Alexander, 239 
estimation, special procedures: 

determination in alloys and metals in 
brash and bron/e, 068 
in Itritannia metal, OO7 
in copper, lOg 

in manganese phosphorus bronze, 670 
in Rose’s metal, 003 
in soft solders, 002 

in spelter (electrolytic and lead acid 
methods), 489 
in type metal, <)()o 
in Wood’s metal, 064 
determination in paint pigments, chrome 
green ami yellow, 639, O40 
in corrodeil white lead (volumetric 
and gravimetric), 625 
in metallic lead, ()20 
in red lead and orange mineral, 635 
in sublimeil blue lead, O38 
in sublimed white leatl, O23 
in yellow basic lead chromate, 639 
in zinc lead and leaded zinc, O27 


Lead, estimation, determination in small 
quantities (sec Traces in Water), 557 
impurities in metallic lea^l: 
antimony in hard lead, 25 
bismuth in lead bullion, O3 
complete analysis of pig lead, determin- 
ing bismuth, silver, arsenic, anti- 
mony, tin, iron, cobalt, nickel, 
manganese, zinc, 248-252 
industrial application of methods, 233 
occurrence, minerals, ores, alloys, etc., 233 
preparation and solution of the samples — 
minerals, ores, alloys, etc., 234 
sef)arations, isolation of lead as suljdiate, 
285 

extraction of the impure sulphate l)y 
ammonium acetate, 235, 241 
set>aration from barium, 235 
solubilities of metallic lead and its saltS, 

traces, determination of: 

gravimetric from large amounts of sub- 
stances: 

a. acetate extraction, 241 
h, occlusion by precipitate of another 
metal, 242 

c. Seeker-Clayton method, modified, 
248 

volumetric, colorimetric method, 243 
Lead acetate method for precipitating vana- 
dium, 468 

test for chromate, 132 
test pajHT, 43 

Lead- arsenate, arsenic determination in, 32 
bullion, bismuth determination in, 63 
carbonate in sublimed blue lead, O38 
chloro-iluoridc method for iluorine deter- 
mination, 181 

molybdate method for determining lead, 
287 

method for determining molybdenum, 
278 

oxide, electrolytic method, 62S 

method for manganese in steel, 227 
peroxide in red lead, O35 
sulphate, decomposition of, for sulphur 
determination, 394 
in sublimeil blue lead, O38 
sulphide in sublimed blue Wad, 638 
sulphite in sublimed blue lead, 638 
Le Blanc and Kckardt’s ferrous sulphate 
methoil for persulphates, 406 
Le C’hatelier’s specific gravity apparatus, 
t>48 

Lenher’s method for gold, 196 

-Crawford thymol method for titanium, 444 
and 'I'rogg, precautions on silica deter- 
mination, 373 

Lennsen's iodiile method for tin, Baker’s 
miHlification, 42O 
Lewkowitsch on oil tests, 591 
Liebefmann-Storch’s test for rosin oil, 595 
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Liebig’s absorption bulb, q5 

method for determining hydrocyanic acid 
and cyanides, 1 1 1 
Liddell on dust in gas, 712 

“Metallurgists’ Handbook” (rc£.)i 3^5 
Lime, cfTcct of in silica dehydration, 372 
method for halogens in organic matter, 
122 

in sand, 374 

-value in water analysis, 650 
in silicate of soda, 374 
and limestone determination cement 
analysis, 651, 658 
water test for magnesium, 253 
Limestone, lime, cement rock, analysis of, 658 
Lindo-Ciladding's method for |)otasshim, 351 
Linseed oil (see Oils, Fats and Waxes), 503 
«L 4 hium, deleclion of, 342 

estimation, general procedures: 
as lithium chloride, 353 
as lithium suli)hate, 353 
(iooch’s method, 353 
Rammelsberg’s method, 354 
spectroscopic method, 354 
sodium and potassium determination in 
presence of one another, 355 
Lithopone, analysis of, 630 
Litmus indicator, uses of, 500 
Little-Cahen-Morgan, dct. arsenic in organic 
matter, 32 

Loss of weight method for carbonates, 106 
on ignition in I’ortland cement, 652 
Low, electrolytic method for cobalt, 144 
method for decomposing antimony ores, 

Lower oxides in nitric acid, 514 
in oleum and mixed acids, 523 
Lubricating oils (see under Oils, Fats, 
Waxes), 572 

Lungc-Marchlewski method for carbon, ref.), 
107 

-Ray pipette for weighing of liquids, 506 
Lutcol indicator, 425 


Mackey’s apparatus for spontaneous com- 
bustion-oils, 5 q6 

Magenta test for bromine, 78, 82 
Magnesia, effect on silica dehydration, 372 
Magnesium, detection of, 253 

estimation, methods for determining, gen- 
eral: 

gravimetric, as magnesium pyrophos- 
phate, 25s 

volumetric, titration of ammonium mag- 
nesium pluisphate, 25O 
gstimation, special methods: 
determination in gypsum, 632 
in sand, 374 
in silicate of soda, 374 
in sodium nitrate, 304 
in water, 549, 560 


Magnesium, estimation, in composite white 
paint, 634 

in green pigments, 640 
in orange anil yellow pigments, 639 
in Portland cement, 651 
with sodium and potassium in presence 
of one another, estimation of, 352 
occurrence, 253 

preparation and solution of the sample — 
ores, 253 

separation from the hydrogen sulphide 
group, (.'u, Pb, Cd, As, etc., 254 
from iron, aluminum, manganese, and 
zinc, 254 

from the alkaline earths, 53, 254 
solubility, 253 

Magnesium ammonium phosphate method 
for phosphorus, 315 
determination in water, 549 
chloride in water, 559 
metallic, lest for platinum, 325 
pyroarsenate method for arsenic, 37 
pyrophosphate method for phosphorus, 315 
sulphate, arsenic in, 45 
Malctesta and l)e Nola, silver determination, 

Manganese, detection of, general procedure 
and bead test, 257 

in soils, minerals, vegetables, etc., 257 
estimation, general methods: 

gravimetric, as manganese, pyrophos- 
phate, 262 

volumetric, bismuthate method, 263 
lead oxide method, 2C8 
persulphate method, 267 
Volhard’s method, 268 
estimation, special procedures: 

determination in iron and steel, 227, 228 
in metallic lead, 252 
in phosphorus bronze, 670 
in spiegcl iron, 268 
in water, 550 

prci)aration and solution of the sample, 
alloys, ferro-aluminum, ferro-chro- 
mium, ferro-titanium, manganese, 
bronze, molybdenum and tungsten 
alloys, silicon alloys; iron and steel; 
ores, iron ores, sulphides, slags, 258 
sep^^ration from H2S group, alkaline earths 
and alkalies, nickel and cobalt, 260 
from iron and alumina by basic acetate 
method, 260 

by precipitation of manganese as dioxide, 
MnOi, 261 

solubility of the metal and its oxides, 258 
Manganese dioxide in zinc oxide, 629 
Manganese oxide in paint pigments, 629 
-phosphorus bronze, analysis of (sec 
Alloys), 670 

Mannitol, boric acid titration in, 76, 77 
Marsh, electrolysis of nickel, 289 
Martin, on absori^tion apparatus for CO2, 98 
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Matte, copper, solution of, 151 
Mattes, decomposition of, 20 
Maumen£ test for oils, 582 
McDonnell and Roark arsenic separation, 33 
McDowell, method for hydrocyanic acid, no 
Meade, chapter on cements, 642-658 
Meat, arsenic in, 45 
boron in, 73 

Meiklejohn, properties of compounds, table 
XVII, 801-803 

Mellor, calcium oxalate, decomposition of, 91 
on precipitation of tungsten, 454 
traces of lead, 244 

Melting temperature of elements, table of, 
780 

Mcnc, ferric chloride method for tin, 429 
Mennick, chloric and perchloric acids, 129 
Mercuric cyanide test for palladium, 332 
oxide method for separating magnesia 
from the alkalies, 346 

Mercurous nitrate method for precipitating 
molybdenum, 278 

niethi^ for precipitating tungsten, 454 
method for precipitating vanadium, 407 
lest for chromate, 132 

Mercury chloride paper, arsenic determina- 
tion, 41 

Mercury, cleaning of, 735 
detection of, 270 

estimation, methods of procedure: 
gravimetric, electrolytic method, 272 
Hallo way-Kschka method, 273 
sulphide, precipitation, 272 
volumetric, by Seamen’s process, 274 
occurrence, 270 

preparation and solution of the sample, 
ores, 270, 271 

purification of the reagent, 735 
separation from members of subsequent 
groups, 271 

from As, Sb, Sn, Pb, Bi, Cu, Cd, Se, Te, 
271 

from organic substances, 271 
solubility, 270 
Merwin color screens, 342 

and Steigers’ method for fluorine, 183 
Metabisulphite, gravimetric determination 
of, 409 

volumetric iodine method for, 4x0 
determination in presence of carbonates, 
chlorides, sulphates, sulphites, thio- 
sulphates, 412 

Metallic aluminum and its alloys, 5 
silicon and iron in, 17 
cobalt, cobalt in, 141, 146 
copper, metallic, 152 

determination of gold, silver, lead, bis- 
muth, arsenic, antimony, selenium, 
tellurium, iron, zinc, nickel, cobalt, 
oxygen, sulphur, phosphorus, chlo- 
rine in, 167-174 
gold, preparation of proof, 198 


Metallic iron (and steel). Sec index for 
iron and steel analysis, 
technical determinations of carbon, man- 
ganese, phosphorus, silicon, sul- 
phur in, 223-232 

chromium, cobalt, nickel, titanium, 
tungsten, vanadium. See Iron and 
Steel Analysis. 

lead, determination of silver, bismuth, 
copper, cadmium, arsenic, antimony, 
tin, iron, cobalt, nickel, manganese, 
zinc in, 248-252 
nickel, cobalt in, 146 
platinum, 328 

silver, preparation of pure, 384 
zinc in zinc dust, 487 

impurities, lead, iron, 'cadmium in spelter, 
489-492 
Metallurgist, 96 
Metals. Sec Alctallic. 

Melaphosphoric acid, test for, 310 
Meter, wet meter, rotameter, capometer, 
Thomas electric meter, orifice meter, 
anemometer, 689-692 
Methane, determination of, 704, 705 
Methyl borate, distillation of boron as, 74 
Methyl orange indicator, 26, 301, 499, 500 
red indicator, uses of, 499 
Mctzcl and Vortman, method for antimony, 

23 

Meyer’s apparatus for zinc determination 
(Figs. 72, 73, 74), 488 

Microchcmical examination of crystals for 
tantalic and columbic acids, 455 
Microscopical test of lubricating oils, 5 So 
Milk, boron in, 73 
Mine gases, carbon dioxide in, 726 
Mineral analysis of water, 545 
residue in water, 555 

Minerals, decomposition of, for determina- 
tion of lead, 234 
detection of tungsten in, 448 
Mineral salts in burning oils, 571 
Minerals, tests for gold in, 192 

See list under dominating elements con- 
tained in, Part 1 

Mispickcl, preparation for arsenic deter- 
mination, 33 

Mixtures, sodium and potassium carbonates 
and hydrates, 531 
Mohr’s alkalimctcr, 106 

method (modified) for antimony, 27 
for arsenic, 39 
for chlorine, 126 
for iodine, 207 
Moir’s method fur gold, 197 
Moisture in air, 292, 502, 728, 736 
in arsenic, commercial, 47 
in bauxite, 15 
in brimstone, 415 
in butter and fats, 599, 600 
in coal, 674 
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Moislurr in kjiscs, 7,^1 
in nitrate of sodii, 303 
in oils (burnin^^), 571, Ooo 
in paints anrl paint pigments, ftri, 630. 

631, ()3->, 634, 637, O3.S, 039, 640 
in phosphate rock, 310 
in silicate of soda, 374 
in silicates, 300 
in sodium Ihioride, iStS 
in zinc [)iilp, 47S 

Molybdate method for lead, j^ravim ric, 237 
\oliimetric, 23() 

Molylulenite, comparison with j^ratdiite. 273 

MoKbdeniim, <lete(tion, i^eneral proie<lure, 
* -7S 

tests with sodium thiosulphate, sul(>hiir 
dioxide, <lisodiiim pliospliate, sul- 
• • phuric a( id, 27s 
estimation, ^^eiK^ral |)ro(*edurcs: 

j'ravimelrii , lead molyb<lat(‘ method, 27.^ 
menurous nitrati*, pnrijiitalion bv, 
27S 

mt)lybdenum sulf)hid(‘ methorl, 270 
volumetric, iodometric re<liKtion meth- 
od, 2 So 

zinc reduction with Jones’ reduclor, 
2S1 

d(*terminalion in presence of vana<lium, 
471 

(M’l'urnMK (*, 275 

preparation and solution of the sample, 
ores, 27O 

iron and sti'cl, 27O 
separation from iron, 276 

from alkali'N, alkalini' I'arths, bismuth, 
cadmium, copper, lead, arstauc, 
titanium, \ anadium, tungsten, phos- 
phoric acid, 277 
solubilities, 270 

Monazite, < let om posit itm <)f, 41b 

Mor^an-C'ahen-Little, arsenic' det. in or;j;ani( 
matter, 32 

Morphine test for titanium, 432 

Mortar, standard sand, water, percentai^e 
for (table), 645 


Xaphthalenc in pjas, 71?? 

Xaphthylaminc acetate reagent, 53S 
National Brass and Copper 'Fube C\>., 
method for brass anahsis, 174 
National I-ead C'o., method (modified), for 
metallic lead analysis, 248 
Natural cement, U. S. Clov,, specifications 
for fineness, (14 2 
Neon in the atmos|>hcTc, 202 
Nephelometric method for silver, 384 
Nessler jars for colorimetric titanium deter- 
mination, 442 

Ncssler’s method for ammonia, 537 
test for ammonia, 20 r 
NewUm, method for titanium, 437 


New Vork Slate Board of Health fester for 
oil, 5O7 

Nickel, detection of, hvdrof^en sulphide 
_ test 2S3 

<limetli\ li^lyoxinu; and alpha benzildi' 
oxime tests, 283 
estimation, ireneral firocedures: 

gravimetric, alpha bi'nzildio.ximemelhod, 
2S6 

dimethyl^lyoxime method, 2S7 
electrolytic nu'lhod, 2.S() 
volumetric nu'thod of l^irrund Lind^ren, 
2()0 

estimation, special procerlures, nickeb 
plating solutions, 2()o 
dc'termination in alloys, (ierman silxer, 
t)^K) 

in i opper, Pk), i 70 
in (I(*rman silver, ()Po 
in mt‘tallic lead, 752 

preparation and solution of the sample, 
jfencTal procedun' for ort^s, 284 
metallic nickel and its alloys, 284 
sefiaration from alkalies, alkaline earths, 
and membiTs of the hvdro^en sul- 
phide KHiup, 28 

from aluminum, c'hromium, cobalt, iron, 
manganese, zinc, 285, 28(1 
solubilities, 2 84 

Nickel [)latin^ solution, determination of 
nic kc‘l in, ^cio 

iXiobium. See* ( 'nlumbiiirn, 448 
Nitrate*, standard solution of, c; |o 

of soda, aihilysis of, moisture', insoluble' 
matter, sodium sulphate*, iion anel 
alumiruini oxi(U*s, lime, maj'nesia, 
seulium ( hioride', carbon ilieixide, 303 
Nitrates, removal of, in sulphur determin- 
ation, 3p;; 

Nitrie' ac id, complete analysis of, 512 515 
determination of aciditv', ehlorinc, iiydro- 
■ chloric ac id, iodine, nitrous acid, sul- 
phuric acid, 512-315 
arsenic in, 44 

by ferrous sulphate method, 515 
in arsenic acid, fe rrous sulphate method, 
5ig 

in hyelrochloric acid, ^oi) 

in ceimmercial nitric acid, 514 

in mixed acid, ferrous sulphate method, 

in oleum, nitrometer method, 300 
in i>hosphe)ric acid, ferrous sulphate 
method, 519 

in sulphuric acid, [ferrous sulphate 
method, 517 

N/10 reagent for phosphate dctcr- 
minatiem, 310 

Nitrite, permanganate method for, 521, 523 
in water, 53S 

Nitrogen, detection of, c ombined as: 
ammonia, tests for, 291 
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Nitrogen, ammonia, Ncssler’s test, 2gt 
nitrir acid, copper test for, 2i)2 
diphenylamine test for, 202 
ferrous sulfihatc lest for, 201 
phenolsiilphonic acid test for, 202 
nitrous acid, at elic acid lest for, 292, 
permanganate test for, 292 
organic nitrogen, 291 

estimation, free, combined, and total 
nitrogen, 292 

comiiined nitrogen, methods for: 

ammonia, gravimetric determination 
of, 296 

combined and free, volumetric <le- 
termination, 297, 5.^0, 5^7 
traces, 299, 5.^7 

ammoiiiacal licjiior, analysis of, <le- 
termining tarbon dioxide, hydro- 
i hloric acid, liydrogen sulphule, 
sulphuric acid, ammonia, 29H, 29c) 
nitrate of soda, 

nitrates, Oevarda metluwl modifred, 
,^00 

as nitrate in water, 5,59 
as nilrie aci<l, gravimetric method as 
nitron nitrate, 2()9 
volumetrie, ^^00 

complete analysis of (see subject 
above), 512 

as nitrite in water, 53.S 
as organic nitrogen in water, 5.^7 
nitrogen in green ]»igments, 640 

in organic matter, nitrates being 
absent, 294 

in organic matter in presence of 
nitrates, 295 
in soil extracts, .^04 
free nitrogen. See (ias Analysis, 70(1 
per cent of, in air, 292 
tetroxide in gas, 72O 
occurrence, 292 

preparation of the sample, ammonium 
salts an<l mixtures, 295 
nitrates in soils, nitric acids and mixed 
acids, 295 

organic substances in presence or ab- 
sence of nitrates, 294, 295 
separations, ammonia, isolation of, 295 
nitric acid, isolation of, 2Qb 

removal of impurities, nitrous, chro- 
mic, hydrobromic, hydroiodic 
acids, 296 
solubilities, 293 

s|>ecial methods, nitrometer method for 
nitrates and nitrites, 305 
nitrometer of Dupont, 

nitric aciti in oleum, 309 
Nitron nitrate method for nitric acid, 296, 299 
Nitrometer, 305, 3o(> 

gas analysis, Fig. 136, 732 
Nitroso-beta-naphthol, precipitation of co- 
balt with, 143 


Nitrous achl, decomposing of iodides with, 206 
permanganate method for, 520 
and lower oxides in nitric acid, 514, 
521 

in oleum and mixed acids, 524 
gas, generation of, Ho, 123 
removal of, from nitric acid, 296 
oxide in gas, 726 
Non drying oils, list of, 602 
Noriiiitl consistency of cement, method of 
determination, 044 

Occurrence. See under elemcmt in question. 
Odor test of water, S3S 
OtTerman’s mcth(»cl for Huorine, 1.S2 
Oils, fats, i^waxes, <‘\amination of unknown 
oil, 599 

detection of oils in paint vi-hiclcs, 612 
classified list, cliarac lerisi ics, and con- 
stants of oils (tabifs), (103- 9 o 9 , 9 i 9 
examinathui of: 

animal and \ eg(‘ta])le oils, 5H0 
general test for, 590 
acetyl \ alue, 591 
aiitilluoresc ence, lest for, 591 
bromine number, 5H9 
elaidin test, 5S.> 
iodine ntiiiilicr, 5S3 
llaniis's melhoci, 5€S|. 
ilubrs method, 51X3 
in o\idi/.ed oils, 5S9 
Maumenc test, 5X2 
refractive ind(*x, 581 
safXMiific ation value, 5187 
unsaponifiabic* oils, deteclmn of, 
5HH 

Valent a test for, 9 Sr 
special tests fc»r certain oils, 5 (>t 
cottonseed <»il, Hecki’s test for, 592 
llalf)eirs test for, 592 
dr\’ing on glass, 5(^8 
free ac id in, 599 

linseed oil, Jie\abromid<‘ lest for, 
593 

peanut oil, Renard’s test for, 594 
rapeseed oil, Hech’s test for, 595 
rosin oil, Liebermann-Slorch test 
h)r, 595 

sesame oil, Ilaudoiirs or Camoin’s 
test, 595 

spontaneous combustion test, 
Mackey's apparatus, 599 
liter lest, 5c)8 
fats, edible*, 

butter, examination of, 599 
lard, 9 oo 

hardencfl oils, 9ot 

miscellaneous oils and lubricants, 6or 
paint oils (see under Paints and Paint fh'g- 
ments), 612 

Chinese wood oil, tung oil (see subject 
under Paints), 613-O15 
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Oils, paint, acid number, heating test, iodine 
jelly lest, iodine number, refrac- 
tive index, saiionification number, 
unsaponihablc matter, specific 
gravity, standards of, 613-615 
turpentine (see subject under Paints), 
617, 618 

color, distillation, polimerization, re- 
fractive index, specific gravity, 
standards of, 617, 618 
varnish (see subject), 618-620 
petroleum products, 567 
burning oils, 567^ 

acidity, detection of, 571 
color of, 572 
distillation test, 569 
fire test, 568 
flash test, 567 
mineral suits in, 571 
specific gravity of, 569 
sulphuric acid test, 571 
sulphur determination in, 570 
water in, 571 
lubricating oils, 572 

carbon residue test for in, 579 
caoutchouc, test for in, 578 
evaporation test of, 575 
fatty oils, test for in, 578 
fire test of, 577 
flash test of, 576 
friction test of, 580 
gasoline test of, 579 
gumming test of, 578 
microscopical test of, 580 
soap, detection of in, 578 
specific gravity of, hydrometer 
method, 569 

Westphal balance method, 569 
viscosity, 572 

absolute method, 575 
Engler’s viscosimeter, 572 
Saybolt viscosimeter, 573 
Universal viscosimeter, 573 
Oil in black pigments, 640 
Oils, reagents used in, 607 
tables of characteristics and constants, 
fatty acids, 603 
mineral oils, properties of, 601 
vegetable and animal oils, 604, 605 
waxes, 601, 606 

viscosity conversion tables, 607 

Saybolt, Engler, and Redwood times^ 
607 

Oleum, complete analysis of, 522 

acidity, lower oxides, nitric acid, sul- 
phuric anhydride in, 522-524 
table of equivalents, 526 
Olsen, chapter on analysis of alloys, 659-671 
test for fluorine, 177 
Optical pyrometer (Fig. 107), 684 
Ores, ^e under Preparation of Samples 
of Various Elements. 


Orifice meter, 692 

Organic matter, arsenic determination in, 32, 

decomposition of for determination of 
antimony in, 21 
for determining barium, 51 
boron, 73 
bromine, 79 

chlorine and the halogens, 12T-122 
Carius method for halogens in, 121 
lime method for halogens in, 122 
sodium peroxide method for hal- 
ogens in, 122 
fluorine, 178 
iodine, 20X 

determination of carbon in organic 
matter, 1 01-103 
nitrogen, 293 

phosphorus in baking powder, 313 
potassium in soils, fertilizers, plants, 
343 » 344 

organic matter in water, 541, 543 
Orsat apparatus (Fig. 120), modified (Fig. 

131), 723 

Osmium, detection of, 337 

estimation, gravimetric methods for, 338 
occurrence, 337 

preparation and solution of the sample, 338 
properties, 337 

Owen-Hradbury method for alkali carbonates 
and hydrates in presence of eacli other, 

531 

Owens, chapter on Rare Earths, 112 
on Thorium, 416, 
on Zirconium, 494 

Oxalate method separation of alkaline earths 
from the alkalies and magnesium, 53 
Oxalates of the rare earths, outline for sep- 
aration of, 1 1 7 

Oxalic acid method for persulphatcs, 406 
Oxidation methods for determining iron, 2x5 
in platinum salts, 325 
test for vanadium, 463 
Oxide, estimation of elements as. Sec index 
of following elements: Aluminum, bis- 
muth, chromium, cobalt, copper, iron, 
lead, manganese, molybdenum, nickel, 
silicon, sulphur, tin, titanium, tungsten, 
columbium and tantalum, uranium, 
vanadium, zinc, zirconium. 

Oxides of cobalt, 141, 145 
copper, 151, 162 
iron, 210, 211 
thorium, 417 
titanium, 433 
tungsten, 449 
uranium, 459 
vanadium, 465 
zirconium, 495, 496 
Oxidized oils, iodine number of, 586 
Oxygen consumed in water (organic matter 
in), S4I 
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Oxyfrcn cylinders, illustratinji; method of 
connectinj^, 6So 

detcmiinatiim tif, in air, absorption with 
phosphorus, 702 
potassium pyroKallate, 70^^ 
sodium pyrogallate (note), 702 
in copper, 172 

in gas, 2()2, 6g8, 700, 702, 703, 704 
dissolved in water, 556 
cx[>Iosion with hydrogen, 703 

Paints and Paint Vehicles, analysis of (see 
Outline in 'Fable of Contents), Oog 
pigments, classification of, 621 
black pigments, analysis iif, 640 
blue pigments, analysis of, O37 

IVussian blue, C'hinese blue, Antwerp 
blue, (>38 

sublimed blue lead, 638 
ultramarine blue, O37 
green pigments, analysis of, 639 
chrome green, 639 
red and brown pigments, 634 
iron oxides, O37 
red lead, orange mineral, 634 
vermilion, 030 

yellow and orange pigments, chrome yel- 
low, Anieri<'an vermilion, basic lead 
chromate, 639 
white pigments, 622 

bar>tes and lilanc fixe, 632 
composite while paint, 633 
corroded white lead, 625 
lithopone, 630 

silica, silex, China clay, asbestine, 

sublimed while lead, 632 
whiting, Paris white, O32 
zinc lead anil leaded zinc, 626 
zinc oxide, (127 
vehicles, ()io 

li(|uid, j>ercentage of, 610 
separation of components, 61 1 
resinates, detection <jf, O12 
oils, detection t)f, iodine number, 612 
Chinese w<)od oil, or tung oil (see umlcr 
Oils, Pats, Waxes), ^113 -615 
constants for various oils, f)T5, 
turj>entine, examination of (see details 
under subject turpentine), 017,618 
varnish, examination of (see details under 
subject, V'arnish), 0i8-()2o 
other materials, O20 
Palladium, detection of, 332 

estimation, gravimetric methods, 333 
properties of, 332 

separation from gold and silver, 333 
from iridium and platinum, 333 
Palladous chloride reagent, 735 

iodide, method for (letermining iodine, 203 
Palmer and Allen modified Gutzeit methocl 
for arsenic, 40 


Paris white, paint pigment, 632 
Parr and 1 andgren’s method for nickel, 290 
Parrodi-Mascazzini electrolytic method for 
antimony, modified, 24 
Parsons and Harncs’ method for glucinum, 
190 

Pat for determining setting time and sound- 
ness in cement, 646 

Pats showing sound and unsound cement, 
after steaming, 646 

Patterson, determination of manganese, 262 
Peanut oil (see undersoils. Fats, Waxes), 594 
I^echard’s firocess for separating mol3'b- 
denum from tungsten, 453 
Pelouzc, traces of lead, 243 
Perchlorate, detection of, 119 
tletermination of, t 28 
method for determining potassium, 351 ‘ 
Perchloric acid, determination of, 128 

of in presence of hyilrochloric ac:<i and 
chloric acid, 1 29 

Periodates, determination of, 208 

and iodates, determination of in a mixture, 
208 

Permanent standards for ammonia deter- 
mination in water, 539 
Permanganate N/io reagent, 219 
test for nitrite, 292 
titration of, antimony, 28 
barium, 59 
Insmuth, 68 
calcium, 92, 549 
chromium, 137 

Kold, 195 

iron, 17, 18, 218, 3?2, 490, 547, 651 
manganese, 228, 264, 266, 550 
molyi)denum, 281, 282 
nitrous oxides, 514, 520, 523 
phosphorus, 229, 317 
titanium, 437 
uranium, 461 
vanadium, 46(;-47i, 475 
water for oxygen consumed, 541 
Pe* sulphate of ammonium method for man- 
ganese, 267 

Persulphates, ferrous sulphate method for 
determining, 406 

oxalic acid method for determining, 406 
Petroleum products (se^! under Oils, Fats, 
W'axes), 567 

Phenolphthalcin indicator, 12 
preparation of, 12, 608 
uses of, 4«)9, 500 

Phenolsulphonic acid method for nitrates in 
water, 539 
reagent, 539 

Phenylhyilrazinc method for aluminum in 
presence of iron in titaniferous ores, 446 
acetate test for gold, 193 
Phloroglucid method for furfurol in acetic 
acid, 528 

Phosphate baking powder, 313 
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Phosf)hatc, effect on alkaline earth deter- 
minations, 51 

Phosphate rock, decomposition of, 312 
Phosphates in water, 548 

and phosphoric acid, arsenic in, 44 
typical analyses of, 311 
Phosphor-bronze, analysis of, 670 
Phosphoric acid, effect on aluminum deter- 
mination, 8 

in phosphate rock, 320 

removal of from aluminum solutions, 6 
Phosphorus, detection of hypophosphorous 
acid, 310 

meta phosphoric acid, 310 
ortho phosphoric acid, 310 
phosphorus acid, 310 
pyro phosphoric acid, 310 
estimation, methods of procedure, j^eneral, 

giavimetric, direct precipitation of am- 
monium magnesium phospliate, 315 
as maj^nesium pyrophosphate, 315 
as phospliomolylxiate, 314 
volumetric methods, alkali titration of 
f)hosphomolybdate, 316 
permanganate titration of reduced 
phosphate, 317 

estimation, special methods, determination 
of in iron and steel, 220 

in manganese, phosphorus, bronze, 
670 

occurrence, 31 1 

pre])aration of the sam|)le, iron ores, phos- 
phate rock, minerals, titanium-bearing 
ores, iron and steel, soluble jdiosphates, 
baking powder, 313 

separation of phosphorus as ammonium 
phosphomolybclate, 313 
Phosphorous acid, test for, 310 
IMiosphorous method for det, ox^^gen in gas, 
702 

pentoxide absorp ion bulb for moisture 
in Kasfs 134), 73 1 
Physical tests of water, 534 
testing of cem<*nt, 642 
Pierce method for selenium, 364 
Pig iron, arsenic in, 33 

Pigments of paint (see under Paint and Paint 
Pigments), O21 
Pipettes for gas analysis, 693 
Pisani's method for silver, 384 
Pitman on Du Pont nitrometer (ref.), 306 
Pitot tube (Pig. 113), 690 
Plaster of Paris, 89 

Platinum, detection, general characteristics 
of element, 324 

tests with ammonium chloride, ferrous 
sulphate, formic acid, hydrogen sul- 
phide, metals, oxalic acid, potassium 
chloride, and iodide, etc., 324 
estimation, general procedures: 

gravimetric method, by electrolysis, 329 


Platinum, estimation, gravimetric method; 
weighing as metallic platinum, 328 
weighing as a salt, 329 
occurrence, 325 

preparation and solution of the sample, 
ores, 326 

platinum scrap, 326 

small amounts of platinum in presence 
of large amounts of iron, magnesia, 
etc., 326 

properties of, 324 
separation from gold, 327 
from iridium, 327 
from osmium, 328 
from palladium, 327 
from rhodium, 328 
from ruthenium, 328 
solubility of the element, 325 
special methods, platinum ores; 329 

assay methods for platinum ores, 340 
sub.stances examined for platinum, 325 
Platinum metal grouj), 330 
Polymerization in analysis of turpentine, hi 7 
Polymerized oils and resins, separation of, big 
Portland cement, analysis of, 05o-()53 
nij)id method of analysis, 653 
U. S. Oov. speciilcations for linene.ss, 642 
Potassium, detection of, 341 
estimation, general f)roccdurcs: 

gravimetric, chlor jdatinatc method, 349 
moililied, 350 
indirect method, 352 
Lindo-Clladding method, 351 
perchlorate method, 351 
special methods, alkali (letermi nation in 
silicates, J. Lawrence Smith method, 

lithium, potassium and sodium in 
presence of one another, 355 
magnesium, potassium and sodium in 
presence of, 332 

preparation of the sample, fertilizers, soils, 
plant ash, saline residues, soluble salts, 
rocks c'lncl insoluble mineral j)roducts, 
343, 344 

separation from the hydrogen sulj^hide and 
ammonium sulphide groups, 344 
from aluminum, chromium, iron, barium, 
calcium, strontium, phosphoric and 
sulphuric acids, etc., in one oper- 
ation, 340 

from aluminum, chromium, iron, tita- 
nium, uranium, phosphoric acid, 345 
from barium, calcium, strontium, 345 
from boric acid, 346 

from magnesium, ammonium phosphate 
method, 347 

barium hydroxitlc method, 346 
men uric oxide method, 346 
from sulphates, 345 
alkali metals from one another, 347 
potassium from sodium, 347 
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Potassium, separation, potassium and sodium 
from lithium, 347 

potassium, rubidium, and caesium from 
lithium and sodium, 347 
Potassium antimonyl tartrate standard solu- 
tion, 2 () 

bromatc solution N/io, 25 
method for antimony, 25 
bromide, crude, analysis of, 82 
and sodium carl)onatcs and hydrates, in 
T>rcsence of one another, determina- 
tion of, 531 

acid sulphate (bisulphale), fusion with, 
212, 2S4 

fusion of monazite, 416 
carbonate, fusion with, 212 
chloride lest for platinum, 324 
test for iridium, 325 
cyanide method for cof)per, 164 
dichromale method for iron, 216 
ethyl \anthatc method for small amounts 
of copper, 1O5 

ferricyanide test for ferrous iron, 210 
ferrocyanide reajjent, 4S0, 482, 4.S4 
test bir ferric iron, 210 
fluoride method for alumina in aluminum 
salts, 12 
reagent, 12 

hydroxide, test for iron, 210 
test for rhodium, 336 
test for ruthenium, 334 
iodide method for bismuth, 870 
for chromium, 137 
for copper, 163 
for selenium, 364 
test for palladium, 332 
for platinum, 324 
for tellurium, 364 
nitrite method for cobalt, 143 
standanl solution, 300 
test for cobalt, 140 
for palladium, 333 
for rhodium, 33O 

permanganate. See I’crman^'anate. 
method for phosphorus, 317 
N/io solution, 317 

reaj^ent oxygen consumed in water, 541 
pyrogallate, det. oxygen with, 703 
reagent for gas analysis, 735 
sodium and magnesium, <letermination of 
in presence of one another, 352 
sulphate, estimation of j)otassium as, 349 
sulphocyanate, test for cobalt, 140 
for iron, 210 
Praseodymium, 112, 113 
isolation of, 115 

Precipitation af>paratus for sulphur deter- 
mination (Kig. Oi, O2), 307 
Preliminary tests for alkaline earths, 52 
Preparation and solution of the sample. Sec 
chapter on element in (question. 
Preservatives in butter, 600 


Pringsheim’s method for halogens in organic 
matter, 122 

Prister’s method for gold, 197 
Producer and fuel gases, 711 
PrfM)f gold, preparation of, 198 
Properties of compounds, Part III table, 803 
of elements and compounds. See chapter 
of element in question. 

Prussian blue, 638 

Pulp, zinc, moisture in, 478 

Pumps, suction, 688 

Pyrites ores, 8g, 150, 234, 258 

Pyrogallate of potassium, reagent, 735 

Pyropliosphoric acid, test for, 310 

Qualitative tests, tables of, 825-855 
Quartering coal (Fig. 103), 673 

Radioactivity of thorium, 416 
Kammclsberg method for determining lith- 
ium, 354 
Rapcsced oil, 595 

Rapid methods for copper (electrolytic 
determination), 157 
Rare earths, detection of, T12 
estimation, gravimetric, 115 
occurrence of, 1T3 
preparation of the sample, 114 
separation, chart for, T17 

from iron, aluminum, thorium, X14 
from other elements, 115 
Rarer elements of the allied platinum metals, 
330 

Raschig’s method for sulphur, 405 
Rathke, loss of selenium (note), 360 
Reactions, tables of, 834-855 
Reagents: 

acid mixture for silica determination in 
aluminum, 16 
alcohol for oil analysis, 607 
alizarine S for aluminum determination, 14 
alkaline potassium permanganate for det. 
of albuminoid ammonia, 537 
tartrate solution, lead det., 244 
alpha-benzil-dioxime, nickel det., 300 
ammonium acetate, lead extraction, 242 
ammonium chloride solution for del. of 
^ ammonia in water, 536 
citrate solution, lead det., 244 
molybdate solution, vol. det. of lead, 239 
det. of phosphorus, 313 

of phosphorus in wiiter, 548 
oxalate solution, oxygen consumed in 
water analysis, 54 1 
persulphate for manganese det., 550 
sulphocyanate sol., colorimetric method 
for iron, 222, 490 

amino-nit rosophenyl-hydroxylaminc sol. 
for det. iron, 214 

antimonyl chloride, standard antimony 
solution, 25 
standard solution, 41 
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Reagents, arsenite, N/ lo solution, 28, 204 
arsenous acid solution, dct. manganese, 268 
Baudisch's reagent for dct. iron, 214 
benzidine hydrochloride for det. sulphates, 
405, 55/ 

benzoic acid standard, acidxmctry and 
alkalimetry, 504 

bismuth standard solution for det. bis- 
muth, 6q, 70 

bismuthate of sodium for det. langancse, 
263 

brominc-potassium-bromidc sol. for oxidiz- 
ing sulphides, 396 
bromine, 607 

cadmium chloride sol. evolution method for 
sulphur, 2QQ 

calcium chloride sol. for dct. hardness in 
water, 558 

carbon dioxide, preparation of, 24 
ca’Tstic standard solution, acidimetry and 
alkalimetry, 504 

chlorine water standard .solution for det. 
])romine, 81 

chromic acid for dct. SO2 in gas, 723 
citric acid, solution for calcium det., go 
cinchonine potassium iodide, colorimetric 
dct. of bismuth, (k), 70 
color solution for dct. traces of lead, 244 
color solution permanent standard for det. 
nitrites in water, 439 
for det. fluorine, 184 

copper standard solution, copper analysis, 
163, 165, 166 

copper sulphate standard solution, det. 

hydrocyanic acid, no 
cupferron reagent for dct. iron, 214 
cupric potassium chloride for separation 
of carbon from steel, 95 
cuprous chloride, acid, for det. CO in gas, 
7^4 

ammoniacal for det. CO in gas, 734 
Devarda alloy for reduction of nitrates, 300 
dichromate of potassium N/io and N/5 
solutions for iron det., 216 
dimethylglyoxime reagent for nickel det., 

diphenylcarbazide for chromium det., T32 
reducing mixture for sulphates, evolu- 
tion method, 400 

ferric ammonium sulphate, for titanium 
det., 438 

ferric chloride solution for det. tin, 430 
chloride solution for det. tin, 430 
indicator for det. chromates, 125 
for Volhard’s method for silver, 378 
nitrate solution for zinc analysis, 482 
ferricyanide of potassium indicator for 
iron titration 217 

ferrocyanide of potassium standard solu- 
tion, zinc analysis, 480, 482, 484 
ferrous ammonium sulphate for iron in 
water, 547 


Reagents, ferrous sulphate for nitric add 
test, 291 

N/io sol., for det. barium, 59 
reagent for manganese det., 263 
for det. nitric acid, 516 
fluorine, standard solution for fluorine det., 
184 

fuming sulphuric acid, 734 

gas analysis reagents, list of, 734 

glacial acetic acid, see Oils, Fats, Waxes. 

Reagents, 607 
glycerol, det. boric acid, 77 
hydrochloric acid, preparation of arsenic, 
frt'c, 43 

for oil analysis N/2, 608 
standard solution, 504 
hydrogen peroxide for titanium dct., 440 
for gas analysis, 734 
for water analysis, 550 
kxlate N/to solution for dct. iofiine, 206 
iodide sol. for dct. oxygen in water, 556 
iodine N/io reagent, 28 
for oil analysis, 608 
solution for det. tin, 427 
iron standard solution for standardization 
of stannous chloride reagent, 221, 


222 

for col. method of iron in spelter, 490, 


491 

iron in water, 547 

lead acetate for molybdenum det., 278 
reagent for oil analysis, 608 
acid .solution, zinc analysis, 490 
standard solution for col. det. of lead, 244 
magnesia mixture for det. of phosi>horus, 


manganous sulphate solution for dct. dis- 
solvecl oxygen in water, 55O 
mannitol, boric acid dct., 77 
mercury for gas burettes, 723, 735 
methyl orange indicator, 2O, 301 
red indicator, 301 

naphthylamine acetate solution for dct. 
nitrites in water, 538 

Ne.ssler's solution, ammonia det. in water, 


nitrate standard solution, 540 
nitric acui, pure, 125 
nitric acid, N/io solution, 316 
nilrosulphonic acid for elaidin test of 
oils, 608 

nitrous acid solution for decomposing io- 
dides, 206 

oils, fats, and waxes, list of reagents for 
examination of, 607 

permanganate solution for manganese 
det., 263, 269 

N/io solution for det. of iron, 219 
solution for det. of oxygen consumed in 
water, 541 

peroxide solution for det. titanium, 442 
phenolpbthalein indicator, 12, 608 
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Reagents, phenolsulphonic acid for det. of 
nitrates in water, 53g 
phosphate standard solution for phosphates 
in water, 548 

potassium anlimonyl tartrate solution for 
det. antimony, 2g 

Lromate N/io solution antimony det., 25 
chromate indicator, 541 
cyanide solution for copper det., 164 
dichromate reagent for iron det., 216 
ethyl xanthatc for det. copi)er, 165 
ferricyanide indicator for iron det., 217 
ferrocyanide for det. copper, 166 
for zinc det., 482 

fluoride for free acid in aluminum salts, 
12 

hydrate for oil analysis, 608 
iodide for det. bismuth, 70 
nitrate standard, 300 
permanganate N/10 sol., 317 
proof goltl, preparation of, igH 
pyrogallate of potassium for oxygen det. 
in gas, 735 

reducing agents, 62, 128, 132, 149, 215, 
3^.5. 35.^. 35y 

s.alicylic at id reagent for traces of iron 
del., 223 

salt solution for t hlorinc det. in water, 541 
silver nitrate, N/io solution, 125, 126 

solution for del. chlorine in water, 541 
preparation of the pure metal, 384 
htandarrl solution, 378 
soap standard solution for det. hardness 
in water, 558 

sodium arsenite. Sec Arsenous Acid, 
bismuthate for det. manganese, 263 
carbonate standard solution for CCig det. 
in water. 553 

preparation of pure salt, 501 
hydroxide, N/io solution, 316 
for Devarda method, 301 
or potassium hydroxide reagents, water 
analysis, 540 

metabisulphite, method of production, 

. .247 

nitrite solution, nitrite det. in water, 538 
hydroxide, det. nitrates in water, 540 
thiosulphate N/100 solution, water an- 
alysis, 556 

for pot. iodide method for copper, 163 
N/10 solution, 204, 608, ()35 
stannous chloride solution for det. ferric 
iron, 217, 221 

starch solution, 205, 399, 556, O08, 635 
sulphanilic acid solution for det. nitrites in 
water, 538 

sulphocyanale for colorimetric <let. of iron, 
222, 490 

sulphuric acid standard solution, 502 
for ammonia det., 300 
tartrate, alkaline solution of, for det. 
traces of lead, 244 


Reagents, tannin indicator, Alexander's 
molybdate method for lead, 239 
thiocyanate of ammonium or potassium 
N/io solution, 125 

thiosulphate of sodium for det. of copper, 
163 

N/io solution, 204 
tin, standard solution of, 427 
titanium, standard solution of, for fluorine 
det., 184 

for titanium det., 440, 442 
thymol solution for titanium det., 445 
Wagner’s solution, calcium det., go 
Red lead method for manganese, 268 
Reduction of iron comimunds, method for, 215* 
Re<lwood, viscosity of oils (note), 573 
Refractive index, animal ami vegetable oils, 

Chinese wood oil, 613 
turpentine, 617 

Refractory materials, tlecomjiosition for 
chromium determination, 133 
Reich method for SO2 in gas, apparatus for 
(Fig. 130), 721 

Renard’s test for peanut oil, 594 
Residue, total solid, in water, 542 
Resinates in paint vehicles, 6ri 
Resins and polymerized oils, sc[)aration of, 
619 

Rhodium, detection of, 336 

estimation, gravimetric methods, 337 
preparation of the sample, 336 
firoperties of, 33^) 
separation from platinum, 336 
' from iridium and ruthenium, 337 
Richard’s jet pump (Fig. 109), 688 
Rickett’s overflow j>iy)ctte, 380 
Riehle automatic cement-testing machine, 
(Fig. 101), 648 

Riffle, sampling of copper, 159 
Roark and McDonnell, arsenic separation, 33 
Robert’s analysis for copper and lead, 175 
Robin’s test for boron, 77 
Roscoe’s lead acetate method for vanadium, 
468 

Rose’s method for determining bismuth, 68 
mercurous nitrate method for vanadium, 
467 

metal, analysis of (sec Alloys), 663 
selenium loss by heat, 360 
Rosenbladt and Gooch, method for boron, 74 
Rosendale cement, analysis of, 658 
Rosin oil (see subject under Oils, Fats, 
Waxes), 595 

Rotameter (Fig. 114), 6gi 
Rowell’s method for antimony, 25 
Rubber goods, antimony in, 21 
Rubidium, detection of, 342 
preparation of the sample, 344 
separations, 347 

RudorfT’s aj)paratus for carbon dioxide in 
gas (Fig. 128), 7ig 
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Rudorff’s method for carbon dioxide in gas, 

718 

Ruthenium, detection of, 334 
estimation, gravimetric methods, 335 
preparation of the sample, 334 
properties of, 336 

separation from platinum, iridium, and 
rhodium, 335 

Salas, tin presence of in silver determination, 
382 

Salicylic acid method for small amounts of 
iron, 223 
test for iron, 210 

Saline residues, preparation of, for alkali 
^ det., 344 

Salt, standard solution of, 541 
Sampling apparatus for gas, see chapter on 
^ (ias, 687 
Sanrl, anidysis of, 374 
siiica in, 374 

Sanger, method for traces of antimony, 
modified, 28 

Sanitary analysis of water, 534 
Saponification number in analysis of oil, 587, 
bi3 

Saveli, chapter on cobalt, 140 
on nickel, 283 
Saybolt viscosimeter, 573 
Saybolt to lOngler times conversion table, 607 
to Ki‘dwood times conversion table, 607 
Scale in water, 563 
Scandium, 112, 113 

SchaelTer and (iardiier chapter on Analysis 
of Paints, boi) 

Scheibler and Dietrich determination of, 
carbon (reference), 107 
Schmatolla titration of aluminum salts (ref.), 
1 1 

Schmitz, method for antimony in rubber 
goods, 21 

for magn(‘sium determination, 255 
Schroetter’s alkalimeter, loh 
Scott, apparatus, hydrogen sulphide genera^ 
tor, 38 

evolution, for sulphur determina- 
tion in steel, 3<)() 

(and Hriggs), modified Orsat for SO* 
gas determination, 723 
chapters by. See Table of Contents, 
ix - xx\ iii. 

metiiods, fluoride method for free acid 
in aluminum Scalts, 12 
lead, determination of traces by ace- 
tate extraction, 241 
(and Bowman), nitric acid, deter- 
mination of, with ferrous sul- 
phate, 513 

sulphur, combustion method for, 402 
modified ev^olution metluKi, 398 
Seamon’s volumetric method for determin- 
ing mercury, 274 


Seeker-Clayton method, modified, for det. 

traces of lead, 243 
Selenium, detection of, ^58 
estimation, gravimetric methods: 
reduction with potassium iodide, 364 
by reduction with SO2, 362 
volumetric method, 365 
occurrence, 359 

preparation and solution of the sample, 360 
separation of selenium and tellurium from 
iron, zinc and other members of the 
group, and from the alkalies and al- 
kaline earths, 360 

from copper, cadmium, bismuth, silver, 
and gold, 361 

from tellurium by Keller’s method and 
by distillation method, 361 
and tellurium, determination of in copper, 
170, 171 

apparatus for separating (Fig. 57), 362 
solubilities, 360 
Semi-dryuig oils, list of, 602 
Separations. See under name of element to 
be isolated. 

Separatory funnel and graduate (I'ig. 130), 
692 

Sesam^ oil (sec under Oils, Fats, Waxes), 595 
Setting time for cement, 645 
Shields’ formula, 71 t 

Shimer’s combustion apparatus for deter- 
mining carbon, 100 

Shinier method of analysis of cement rocks, 
658 

Silica in iron and steel, 371 
in hydrochloric acid, 510 
in paint pigments, O31 
in Portland cement, 050 
in sand, 374 
in sodium fluoride, 188 
in titaniferous ores, 446 
in ultramarine blue, 637 
in water, 540 

removal of, in sulphur determination, 395 
Silicates, alkalies in, J. Lawrence Smith 
method, 355 

decomposition of for fluorine determina- 
tion, 178 

of for iron determination, 212 
list of, acid-soluble and acid-insoluble, 369 
materials high in,_decomiiosition for chro- 
mium determination, 133 
Silicate of soda, analysis of, 373 
Silicon, detection of, 367 
errors, causes of, 3O8 

estimation, method of determination, 
general procedure, 372 
special procedures: 

determination in metallic aluminum, 
16 

combined silicon in iron and steel, 
23 L 232 

graphitic silicon in aluminum, 17 
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Silicon, occurrence, 367 

preparation and solution of the sample, 
f;eneral considerations, 36S 
decomposition of silicates with acids, 369 
fusion methods for silicates not decom- 
jKised by acids, 370 ^ 
methods for decomposition of carbide 
and carborundum, ferro-silicon, iron 
and steel for silicon, slags and 
roasted ores, sulphides an<i pyrites, 
chromium, molybdenum and tung* 
sten steels, 371 
Silver, detection of, 375 

estimation, general procedures: 

gravimetric, by electrolytic deposition, 
377 

as silver chloride, 376 
as silver cyanide, 377 
volumetric, combination methods: 
Denige's cyanide method, 383 
Clay-Lussac method, 379 
miscellane<)iis methods, 384 
nephelometric method, 384 
Volhard’s method with thiocyanate, 
37 « 

special procedure for determining silver 
in lead, 248 
occurrence, 37O 
I)rcparation of pure silver, 384 
solubility, 37O 

Silver arsenate, determining of in arsenic, 40 
bromiile, precipitation of, 80 
chloride, ])recipitation of, 1 24 
cyanide, determination of silv'er as, 377 
chromate method for chlorine, 126 
iodide method for iodine, 203 
nitrate detection of bromine, 78 
method for chlorine, 124 
for strontium, 390 
standard solution of, 541 
N/io solution, 125, i2() 
volumetric method for alkalies, 357 
paper for traces of antimony, 29 
test for chlorine, 118 
thiocyanate method for bromine, 81 
-ferric alum method for chlorine, 125 
Simpson’s process for opening up titaniferous 
minerals, 456 

Slag (matte), decomposition of for copper 
determination, 151 

and silicioiis ores, decomposition of for 
fluorine determination, 178 
decomposition of for manganese deter* 
mination, 258 

decomposition of for silica determination, 

371 

Sling psych rometer, 728 

Slow method for copper (electrolytic det,), 

Smith, E. F., electro analysis of platinum, 329 
Smoke in chimney gases, 71 1 
Snake weighing tube, 507 


Soap, detection of in lubricating oil, 578 
Soda, value for in water analysis, 560 
Sodium, detection of, 341 

estimation, general procedures: 
difference method, 349 
indirect method, 352 
sodium chloride, determination as, 349 
sulphate, determination of, 348 
potassium and lithium in presence of one 
another, determination of, 355 
potassium and magnesium, in presence 
of one another, determination of, 
352 

estimation, special procedures: 

sodium and potassium in water, 551 
preparation and solution of the sample, 34^3 
separation from potassium, lithium, ru- 
bidium and caesium, 344 
Sodium carbonate, fusion test of silicates, « 
fusion with, 212 * 

in sodium fluoride, 187 
or bicarbonate, fusion of silicates, 370 
determination in presence of acids of 
sulphur, 413 

preparation of the pure salt, 501 
chloride, arsenic in, 45 

effect of in silica determination, 372 

estimation of sodium as, 348 

det. of in presence of sulphur acid salts, 

in silicate of soda, 374 
fluoride, analysis of, 187 
in soilium fluoride, 188 
in sodium nitrate, 303 
hydroxide fusion of ores, 20 
of tin ores, 421 
test for platinum, 325 
N/10 reagent for phosphorus deter- 
mination, 316 

mctabisulphite, alkali titration of, 411 
determination in presence of carbonates, 
chlorides, sulphates, sulphites, thio- 
sulphates, 413 

nitrite standard solution, 538 
oxide, determination in silicate of soda, 373 
in ultramarine blue, 637 
peroxide fusion for chrome iron ores, 133 
method for halogens in organic matter, 
122 

peroxide method for decomposition of 
organic matter, 122 
fusion of tin ores, 421 
test for iron, 210 

potassium and the other alkalies, chapter 
on, 341 

and potassium in water, 551 
pyroantimonate, test of sodium as, 341 
pyrogallate, oxygen det, with (note), 702 
sulphate, estimation of sodium as, 348 
in sodium fluoride, 187 
in sodium nitrate, 303 
test for strontium, 387 
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Sodium sulphide^ available US in, 407 
sulphite, acid titration of, 412 
determination of in presence of car- 
bonates, chlorides, metabisulphitcs, 
sulphates and thiosulphates, 412 
thiosulphate, detection of aluminum with, 
3 

determination of aluminum with, g 
determination of, in presence of car- 
bonates, chlorides, metabisnlphites, 
sulphates and sulphites, 41 
standard solution for copper determina- 
tion, 163 

N/io solution of, 204, 634 
test for molybdenum, 275 
Softening of water, 563 
Soils, nitrogen in, 304 
Solder, antimony in, 25 
y^Solenoid apparatus, electrolysis of copper, 157 
* method of Heath for det, copper, 157 
soil, analysis of arsenic, iron, lead, tin and 
zinc, 661, 663 

Solids, metals in acetic acid, 52Q 
non-volatile in nitric acid, 515 
Solubilities, elements, their oxides and salts, 
given under Estimation. Sec chapters. 
Soluble salts in‘Jithof)one, 631 
Soundness or constancy of volume of cement, 
646 

Specific gravity chart for sulphuric acid, 502 
of cement, 643 
of gas, 718 
of oils: 

animal and vegetable, oils, 580 
burning oils, 569 
Chinese wood oil, 613 
lubricating oil, 569, 575 
turpentine, 617 

Specifications for elements in steel, carbon, 
225 

manganese, 2 28 
phosphorus, 229 
silicon, 232 
sulphur, 231 

Spectroscopic method for determining lithi- 
um, 353 

detection of rare earths, 112 
Spectrum, detection of barium by means 
of, so 

of cadmium, 84 
of caesium, 342 
of cjilcium, 88 
of lithium, 342 
of potassium, 342 
of rubidium, 342 
of sodium, 341 
of strontium, 387 
of thallium, 416 
of zirconium, 494 
Speisses, decomposition of, 20 
Spelter, impurities, determination of cad- 
mium, iron, lead, 489, 492 


Spent oxide, evaluation of, 4T4 
Spiegel iron, manganese determination in, 268 
Spontaneous combustion test of oils, 596 
' Stains, standard stains for arsenic, 41 
Standard reagents. See Reagents. 

Standards for Chinese wood oil, 615 
linseed oil, 616 
turpentine, 618 

Stannic acid method for tin in bi^loride by 
hot water precipitation, 421 
Stannous chloride, action on hydrochlor- 
platinic acid, 325 
apparatus (P'ig. 41), 221 
method for iron, 221 
reduction of ferric solution, 217 
test for mercury, 270 

Starch solution, preparation of, 205, 399, 556 
Stas overflow pipette, 380 
Stead’s method for separation of arsenic, 33 
Steel, elements det. in. Sec Iron and Steel 
Analysis. 

Steels with chromium, molybdenum, tung- 
sten and vanadium, decomposition of 
for silica det., 371 

Steiger’s method for determining fluorine, 183 
Stolba, Franz, volumetric method for cerium, 
116 

Stromaycr and Rose, separation of barium 
from calcium and strontium, 54 
Strontium, detection of, general procedure, 
flame test, sodium sulphate test, spec- 
trum, 387 

estimation, general procedures: 
gravimeric, as carbonate, 389 
as oxide, 389 
as sulphate, 389 

volumetric, alkalimetric method, 389 
chloride titration with AgNOs, 390 
occurrence, ores and minerals, 387 
preparation and solution of the sample, 388 
separation from alkalies and magnesium, 
3«8 

from barium, 388 
from calcium, 55, 388 
solubilities, 388 

Subcarbonatc of bismuth, precipitation of 
bismuth as, 66 

Suction ventilator (Fig. 103), 673 
Sulphanilic acid reagent, 538 
Sulphate method for determining lead, 236 
Sulphate method for separating alkaline 
earths from the alkalies and magnesium, 
54 

for determining lead, 236 
Sulphates in gypsum, 632 
soluble in blanc fixe, 633 
in sublimed white lead, 624 
in water, 551 

Sulphates and sulphides in presence of one 
another, determination of, 409 
determination of, in presence of other 
sulphur acids, 412 
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Sulphide, detection of, 391 
determination of tin as, 423, 426 
in composite^ white paint, 634 
ores, evaluation of by combustion method, 
402 

solubility, 393 

Sulphide and sulphate det. on in presence of 
each other, 409 

Sulphide and sulphohydrate in presence of 
^ one another, determination of, 408 
Sulphide ores, decomposition of, 19, 31, 51, 
89, ISO, 21 1, 234, 393, 258, 371, 396 
Sulphites, iodine titration of, 410 
detection of, 391 

in presence of other sulphur acids, dc- 
i termination of, 412 
solubility, 393 

sulphurous acid test for vanadium, 463 
Sulphocyanatc method for determining cop- 
per, 162 

for small amounts of iron, 222 
Sulphocyanic* acid, suljihur in, 409 
Sulphohydrate in presence of sulphide, det. 
of, 408 

Sulphur, detection of, element, 391 

sulphides, suljihites, sulphates, thio- 
sulphates, 39 T 

estimation, general procedures: 

gravimetric, as barium sulphate precip- 
itated from hot solutions, 395 
as barium sulphate precipitated from 
cold solutions, large volume, 396 
combustion method for sulphide ores, 
402 

gravimetric and volumetric, evolution 
method, 398 

evolution method for S in iron and 
steel, 400 

iron ore britpiettes, sodium sul- 
phide, 401 

volumetric methods, titration with ba- 
rium chloride, and potassium <li- 
chromate (Wiedenstein’s mctho<l), 
4 p 3 

barium chromatc-iodinc-thiosulphatc 
methotl of Hineman, 404 
benzidine hydrochloride method, 405 
estimation, special procedures: 
available, in brimstone, 415 
determination of sulphur in coal, 393, 675 
free sulphur in a mixture, 414 
in copper, 172 
in gas, 716 
in iron and steel, 229 
in materials high in sulphide sulphur, 
determining available II2S, 407 
in oils, burning oils, 570 
in rocks, silicates, insoluble sulphates, 
303 

in Portland cement, 652 
in sublimed blue lead, 638 
in thiocyanic acid and its salts, 409 


Sulphur, in ultramarine blue, 637 
volatile, in coal, 675 
in spent oxide, 415 
residual, in spent oxide, 415 
Sulphur dioxide test for molybdenum, 275 
in zinc lead and leaded zinc, 626 
method for determining selenium, 363 
tellurium, 364 

reduction of vanadium to V2O4, 469 
test for titanium, 432 

Sulphuric acid, arsenic determination in, 81, 
44 

arsenous acid in, 31 
combined, in silicate of soda, 374 
gases, 720 

Sulphuric acid in aluminum salts, 12 
in ammoniacal liquor, 299 
in acetic acid, 527 
in hydrochloric acid, 509 
in hydrofluoric acid, 5 1 1 
in nitric acid, 513 
in oleum and mixed acids, 523 
(anhydride) in oleum and mixed acids, 

523 

in paint pigments, 624, 628, O32, 633, 
634, 638, 639, 640 

in standard solution, preparation of, 
502, 503 

for l)cvarda*s alloy, 300 
strength for equilibrium with atmos- 
pheric moisture, 502 
test for selenium, 358 
test for oils, 571 

Sul]>hurous acid, free or combinetl, in sul- 
phites, acid sulphites, metabisulphites, 
and thiosulphates, determination of, 
gravimetric, 409 

free or combined in sulphites, acid sul- 
phites, metal >isulphites and thio- 
sulphates, volumetric method with 
iodine, 410 

free or combined in sulphites, acid sul- 
phites, metabisulphates, and thio- 
sulpluites, acidimctric and alkali- 
metric methods, 41 1 
in acetic acid, 529 
in hydrofluoric acid, 511 
reduction of ferric solution, 216 
of chlorate, 128 

Sutton, permanganate titration of calcium 
oxalate, 92 

Tables, Acids: 

acetic acid (Oudemans*) Table XII, 795 
melting-points of (Rudorff) Table 
XIII, 796 

hydrochloric acid (Ferguson), Table V, 
782, 783 

(Lunge and Marchlewski), 784 
constant boiling-}K)ints of, 784 
nitric acid (Ferguson), Table VII, 785, 
786 
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Tables, nitric acid (Lunge and Rev), Table 
VIII, 787, 788 

phosphoric acid (Hager), Table IX, 
789 

sulphuric acid (Ferguson and Talbot) 
Table X, 790-793 
(Bishop), Tabic XI, 794 
approximate boiling-points, 791 
fuming, 795 

charts of sp.gr. and b.p., 502 
alkalies: 

aqua ammonia (Ferguson), Tabic XIV, 
797 , 

coeflicicnt of cxf)ansion, 797 
• sodium hydroxide (Lunge), T«il)Ie XV, 
708 

atomic weights, international, 'rable 1, 779 
i'^Baume degrees and specific gravity com- 
* j'\*Ifton, Table XX, 8ig 
Centigrade and Fahrenheit degrees, com- 
parison, 'Fable XIX, Si 8 
compounds, imirganic, useful data (Meikle- 
john), 'Hible XVII, S01-S03 
conversion factors (Scott ami Clark), 
Table XVIII, 804-817 
electromotive arrangement of elements. 
Table IV, 781 

Fngler, Redwood, and Sayboli times, com- 
])arison table, boy 
fatty acids, characteristics of, 603 
fluorine chart, apparent per cent TiOa 
and grams F., 185 
gases, aqueous vapor in air, 736 

chimney or flue, table of calculation, 710 
detection of, properly tables, 694 
efliciency and l«)ss chart, 738 
specific heat of, 736 

sulphur dioxide, itidine values for, in 
Reich method, 721, 722 
table of constants, 822, 823 
hardness in water, 559 
indicators and their uses, 499 
Thomson’s table, 500 
melting-points of the elements, Table II, 
780 

oil, characteristics of, 604 
permanent standards, ammonia in water, 
5j8 

rare earth elements, 112 

oxalates, separations, t 1 7 
specifications for elements in steel: 
carbon in steel, 225 
manganese in steel, 228 
phosi>horus in steel, 229 
silicon in steel, 232 
sulphur in steel, 231 

temperature, standards of measurement, 
780 

from color of heated metal, 781 
of flames, 780 
constants, 781 

turbidimeter sulphur table, 676, 677 


Tables, vdpor tension of water in mm. Hg at 
— 2. to 36° C. (Regnault, Broch and 
Weibe), Table XVI, 800 
water, outline of procedure for analysis, 545 
standards of purity table of Illinois State 
Geological Survey, 544 
waxes, characteristics of, 606 
weights and measures, comparison of 
metric with customary units, Table 
XXI, 820 

Talbot’s method for separating tungsten 
from tin and antimony, 452 
Tantaliferous minerals, 455 
opening up of, 456 
Tantalum, clctcction of, 455 

estimation, method for determining, 557 
occurrence, ores and minerals, 455 
preparation and solution of the sample, 456 
tantaliferous minerals, 436 
separation, isolation of tantalum oxide, 456 
removal of antimony and tin, tungsten 
and silica, 457 
solubilities, 456 

'Fartaric acid, oxidation of, in titanium de- 
termination, 436 

Tellurium, detection, general procedure, 358 
st)ecial tests, 359 
estimation, 363 

gravimetric, determination as dioxide, 
265 

reduction with sulphur dioxide, 364 
volumetric method, 365 
occurrence, 359 

I)reparation and solution of the samjdc, 360 
separations (see Selenium), 360 
solubilities, 360 

and selenium, determination of, in copper, 
171 

apparatus for separation of (Fig. 57), 
362 

Tellurium dioxide, determining tellurium as, 
3^5 

Temperature determination of flue gas, 709 
estimation of by color of heated metal, 781 
Temperatures of flames, 780 
Tensile strength of cement, test for, 647 
Terminal case (Fig. 27), electrolytic deter- 
mination of copper, T55 
Test lead method for reducing ferric salts, 
215, 217 

Thallium protoxide test for platinum, 325 
Thiocyanate method for determining iron, 
222 

(Volhard) for silver, 378 
Thiocyanic acid, sulphur in, 409 
Thiosulphate in presence of sulphide and 
sulphohydrate, det. of, 408 
Thiosulphate of sodium, N/ 10 solution of, 204 
determination of in presence of sulphide 
and sulphohydrate, 408 
Thiosulphates, detection of, 391 
gravimetric method for, 409 
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Thiosulphates, reagent for iodine number in 
oQs, 584 
solubility, 393 

volumetric iodine method for, 410 
Thomas electric gas meter, 691 
Thomson, boric acid in milk, 73 
method for iron, 222 
Thomson’s table of indicators, 500 
Thorite, decomposition of, 416 
Thorium, detection of, 416 

estimation, gravimetric method, 417 
minute amounts of, 418 
preparation and solution of the sample, 
oxides, phosphates (monazite, etc.)* 
silicates, 416 
separations, 417 

Thresh’s method for bismuth, 70 
Thymol method for titanium, 444 
Tin, detection of, 419 

estimation, general procedures: 

gravimetric, by electrolytic method, 430 
by hydrolysis and ignition to oxide, 
422 

as sulphide, 422 

volumetric, iodine method of Lenssen, 
modified by Baker, 426 
estimations, special procedures: 

determination of in alloys, brass and 
bronze, 667 

in Britannia metal, 667 
in metallic lead, 250 
in soft solder, 662 
in t>pe metal, 660 
in Wood’s metal, 664 
determination in bichloride of tin, 421 
in canned food products, 430 
in water, 557 

preparation of the sample, opening up tin 
ores, 419 

cyanide process, 420 
hydrogen reduction, 421 
s^ium carbonate methods, 421 
hydroxide method, 421 
peroxide method, 421 
separation, general procedure, 421 
from aluminum, antimony, 422 
in water, 557 

from antimony in alloys, 660, 667 
from arsenic, 35 
from arsenic in alloys, 667 
from copper, lead, 421 
from phosphorus, tungstic acid, 442 
standard solution of, 427 
Time required in gas analysis, 707 
Titaniferous ores, analysis of, determination 
of titanium, aluminum, iron, silica, 
phosphorus, 445, 447 
slags, decomposition of, 434 
Titanium Alloy Manufacturing Company, 
methods of, 436, 441-444, 445 
Titanium, detection of, 432 
estimation, general procedures: 


Titanium, estimation, gravimetric, Gooch- 
Thornton method, modified, 435 
ferro-carbon titanium, 43 ^ 
volumetric, by reduction and direct ti- 
tration with ferric salt, 438 
by zinc reduction, addition of excess 
ferric salt and titration with per- 
manganate, 437 

hydrogen peroxide colorimetric meth- 
od, 43Q 

estimation, special procedures: ^ 

titanium in steel, colorimetric method, 
441 

in steel treated with ferro-carbon, 441 
hydrochloric acid-insoluble titanium,^443 
-soluble titanium, 442 * 

occurrence, ores and minerals, 432 
preparation and solution of the sampk, 
alloys, element, ores, oxides, salife, 
steel, titaniferous slags, 433-434 
separation from alkaline earths, 434 
from aluminum, iron, copper, 434, 435 
from bivalent metals, cobalt, nickel, 
manganese, zinc, 435 
Titer test for oils, 598 
standard solution of, 445 
Titration of acids and alkalies, 508 
Traces. See under estimation of element 
in question. 

aluminum, detection of with alizarine S, 

14 

determination of with alizarine S, 14 
ammonia, 299, 536 
antimony, detection of, 18 
determination of, 28 
arsenic, detection of, 30 

determination of in acids, sulphuric, 
hydrochloric, nitric, phosphoric, in 
alumina and iron ores, phosphates, 
salts, baking powder, canned goods, 
meat, etc., 40 -46 

barium, detection by flame and spectrum, 
SO 

beryllium. See Glucinum. 
bismuth, colorimetric procedures for esti- 
mation of, 69, 70 
boron, tests for, 71 
cadmium, detection by spectrum, 84 
calcium, detection by flame and spectrum, 
88 

carbon, colorimetric estimation of, 108 
cerium, and the other rare earths, detec- 
tion, 112 

colorimetric method for cerium, 116 
chlorine, detection of, 118 
chromium, detection of, 132 
determination of, 138 
cobalt, detection, 140 
determination by nitroso-beta-naphthol, 
143 

columbium. See Tantalum, 
copper, detection, 149 
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TraceSi copper, determination in small 
amounts, 165-167 
in water, 557 

fluorine, detection of, 176, 177 
estimation of, 188 
glucinum, detection of, 189 
gold, detection of, 192 

determination of small amounts, 196 
iodine, detection, 200 
iron, detection of, 210 

determination of small amounts, 222 
lead, detection of, 233, 557 
determination of small amounts, gravi- 
• metric, 241 
colorimetric, 243 
lithiuri, detection of, 342 
jnagncslam, detection of, 253 
nfiinganese, detection of, 257 

determination of small amounts, 267 
mercury, detection of, 270 
molybdenum, detection of, 275 
nickel, detection of, 283 

determination of small amounts, 286, 287 
nitrogen, ammonia, Nessler’s test for, 291 
determination. See Ammonia under 
Traces. 

nitric acid, detection, 291 

determination of small amounts, 515 
nitrous acid, test for, 291 
estimation of, 520 
phosphorus, detection of, 310 
platinum, detection of, 324 
platinum metals, detection of iridium, 330 
osmium, 327 
palladium, 332 
rhodium, 336 
ruthenium, 334 
IX)tassium, detection of, 341 
rubidium, detection of, 342 
selenium, detection of, 358 
sodium, detection of, 341 
tellurium, detection of, 359 
silicon, detection of, 367 
silver, detection of, 375 

determination of small amounts, 384 
strontium, detection of, 387 
sulphur, combined and free, detection of, 
3QI 

determination of small amounts, evo- 
lution method, 398 
thorium, detection of, 416 

determination of minute amounts, 418 
tin, detection of, 419, 557 

determination of, in canned food prod- 
ucts, 430 

tantalum and columbium, detection of, 455 
titanium, detection of, 432 

colorimetric method, 439, 441, 444 
tungsten, detection of, 448 
uranium, detection of, 458 
vanadium, detection of, 463 
determination of small amounts, 47X1 475 


Traces, zinc, detection of, 477, 557 

^ determination of small amounts, 487 
zirconium, detection, 494 
Treadwell and Hall, 205, 206 
method for iodine, 206 

Trisulphide of antimony, determination of 
antimony as, 23 

arsenic, determination of arsenic as, 36 
Trogg and Lenher, precautions on silica 
determination, 373 
True silica, estimation of, 372 
Tung oil, analysis of, 613 
Tungsten, detection of in alloys and steel, 
448 

in minerals, 448 
estimation, gravimetric: 

mercurous tungstate method, 454 
tungstic acid, precipitation of, 453 
volumetric method, 454 
estimation, special proc^ures: 

tungsten bronzes, 451 
occurrence, ores and minerals, 449 
powder, t>T)ical analysis of, 449 
preparation and solution of the sample, 449 
alloys, steel minerals, ferrotungsten, 
tungsten bronzes, 449 ;' 45 t 
separation from antimony, tin, 452 
from arsenic and phosphorus, 452 
from iron, titanium, vanadium, 452, 453 
from molybdenum by Hommell’s and 
Pechard's methocls, 452, 453 
from silica, tin, 451 
solubilities of acids and oxides, 449 
steel and alloys, tungsten in, 450 
technical uses of, 449 
Tungstic acid, det. of tungsten as, 454 
Turbidity tests of water, 534 
Turbidimetric sulphur table, 676, 677 
Turmeric test for bismuth, 71 
Turpentine, analysis of, determination of 
color, specific gravity, refractive index; 
distillation, polymerization, standards 
of, 617, 618 

Type metal, analysis of (see Alloys), 659 

Ultramarine blue, analysis of, 637 
Universal viscosimeter, 573 
Unsaponifiable matter in oil, identification 
of, 589 

in Chinese wood oil, 613 
oils, detection and determination of, 588 
Uranium, detection of, 458 
uranous and uranyl salts, 458 
estimation, gravimetric method as oxide, 
UsOh, 461 

volumetric method, 461 
occurrence, 458 

preparation and solution of the sample, 
ores, 459 

separation from H2S group elements, cop- 
per, bismuth, lead, arsenic, antimony, 
459 
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Uranium, separation from iron and metals 
having water insoluble earbonates, 
4 S 9 

from vanadium, 459, 460 
solubilities, 459 

uranous salts, detection of, 458 
uranyl salts, vletection of, 458 
uses, 458 

Uranium oxide, purity test of, 461 
Urbasch’s hydrogen sulphide generator, 37 
U. S. Bureau of Standards Circular, 33 

references on melting-points, 62, 84, 88, 
1 18, 200, 210, 25.’., 270, 391, 448 

Valuation of aluminum ores, 4 
of fluorspar, 179, 186 

Vanadium, detection, test with ammonium 
sulphhle, hydrogen sul|)hide, hydrogen 
peroxide, reducing agents, 463 
comparsion of chromium and vanadium 
salts, 4^)3 

test for in steel, 464 
estimation, general procedures; 

gravimetric, lead acetate method, 468 
mercurous nitrate method, 467 
volumetric, HaS or SOa reduction to 
VaOi, and titration with KM 004,469 
zinc reduction to VaOa and titration 
with KMn04, 470 
estimation, special methods: 

delerminalion of vanadium in presence 
of antimony or arsenic, 472 
in presence of chromic acid, 473 
in presence of iron, 472 
in presence of molybdenum, 471 
in cupro-vanadium, brasses and 
bronzes, 476 
in ferro- vanadium, 476 
in steel in presence or absence of 
chromium, 471, 475 
in vanadium ores, 475 
industrial application, 464 
occurrence, minerals and ores, 464 
preyiaration and solution of the sample: 
ilecomposition of alloys, iron and steel, 
466 

ores, general jirocedurc, ores high in 
silica, ores low in silica, 465 
separation from arsenic, molybdenum, 
phosphoric acid, 466 
chromium, 467 

solubilities, element, oxides and salts, 465 
Valenta test for oil, 581 

of animal and vegetable oils, 581 
Vamari-Mitscherlich-Devarda method for 
nitrogen in soils, 304 
Vanier absorption bulb, 96 
Vanino ami Treubert, reduction of bismuth 
salt, 68 

Van Nostrand Chem. Annual, Olsen, 88 
93, 119, 210, 253, 270 
Vapor tension of sulphuric acid, 503 


Varnish, analysis of, determination of acid 
number, ash, fixed oils and resins, flash 
point, separation of polymerized oils and 
resins, 618-620 

Varrentrapp and Will bulbs (Fig. 117), 693 
Vegetable oils^ (see Oils, Fats, Waxes), 580 
or animal oils, test for, 590 
detection of manganese in, 257 
Vehicles, paint analysis, 610 
liquid percentage of, 610 
separation of components, 61 1 
Vermilion, analysis of, 635 
Vicat needle for testing cement, 644 
Virgin, arsenic determination, 37 
Viscosity in oils, determination of, 572 • 

Viscosimeters for determining viscosity in 
oils, 572, 573 

Vogel’s modificalion of Pisani’s method for 
silver, 384 ^ * 

Volatile combustible matter in coal, app.iratus 
for, (104), 674 
method for clet. in coal, 674 
matter in sodium fliu)ridc, 188 
Volatiles in paint, distillation of, 61 1 
sulphur in coal, 675 

Volhard’s method for determining bromine, 
8r^ 

chlorine, 125 
iodine, 207 
manganese, 266 
silver, 378 

Volumetric methods. Sec under element in 
question. 

Vortmann and Metzel method for determin- 
ing antimony, 23 

Wagner’s solution, 90 
Warrington, traces of lead, 243 
Warwick and Kyle on oxalate method for 
bismuth, 68 

Water analysis, general considerations, 533 
mineral analysis, 545 

abstract of general scheme of analysis, 
545 

acidity, determination of, 553 
alkalinity, determination of, 552 
alumina, determination of, 546 
ammonia, determination of, 555 
calcium, determination of, 548 
calcium sulphate, determination of, 561 
carbonic acid, determination of, 553 
chlorine, determination of, 554 
corrosion, acid waters, determination 
of, 563 

field assay, 565 
foaming and priming, 563 
hardness in, 558 
hydrogen sulphide in, 555 
interpretation of analysis, 562 
iron, determination of, 547 
irrigating waters, 564 
lime value of| 561 
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Water, magnesium in, 449 

chloride, 560 

manganese-bismuthate method of de- 
termining, 550 

Knorrc’s persulphate method, SS^ 
mineral residue in water, 555 
nitrates, determination of, 554 
oil, determination of, 556 
oxygen dissolved, determination of, 
556 

phosphates, detennination of, 548 ^ 
residue, total mineral, determination 

. of, 555 . . 

scale, determination of, 563 
silica, determination of, 546 
la, value for, 561 

sodium and potassium, determination 

of, 551 

softening of, 563 

sulphates, determination as barium 
sulphate, by benzidine method, 

551 

traces of impurities, copper, lead, tin 
and zinc, 557 
sanitary analysis, 534 

ammonia, albuminoid in, 537 
free, determination of, 536 
chemical tests, 536 

chlorine determination in, (present as 
chloride), 541 
color test, 534 

interpretation of analysis, 543 
nitrogen as nitrate, 539 
as nitrite, 53S 
organic, 537 
odor test, 535 
oxygen consumed, 541 
physical tests, 534 
residue, total solids in, 542 
turbidity test, 534 
in burning oils, 571 
in paint vehicles, 61 1 
iodide or iodine in, 201 
percentage required in standard sand 
mortar (table), 645 
vai>or in air, 736 
Waxes, 601 

Weber and Ilintz on sulphur precipitation, 
305 

W'eighing tubes for acids (Figs. 80, 81, 82, 83), 
506-508 

Weiss, separating zinc as sulphide, 485 
Welch-Wcbcr method for detecting tin, 419 
Weller’s determination of antimony, 27 
Welsbach mantles, cerium determination in, 
116 

Westphal balance for determining specific 
gravity apparatus (Fig. 87), 569 
specific gravity of oils, method for, 569 
Wet combustion proce.ss for carbon deter- 
mination, 102 
gold assay of minerals, 194 


Wet meter, 690 
tests for copper, Z49 

Whitby’s method for silver detection and 
estimation, 376 

White lead, corr^ed, analysis of, 625 
sublimed, analysis of, 622 ^ 

Whiting paint pigment, analysis of, 632 
Whitmer and Cain’s method for vanadium 
in steel, 471 

Wiborg’s method for determining carbon 
(reference), 107 

Wildenstein’s volumetric method for sulphur, 

403 

Wilkie’s colorimetric method, for traces of 
lead, 243 

Winkler, titration of ammonia in boric acid, 
294 

Winkler’s spiral absorption apparatus for 
gas (Fig. 1 18), 693 

Winterstein and Ilcrzfeld, iodine liberation 
with peroxide, 207 
Witherite, analysis of, 60 
commercial valuation of, 60 
WolfT’s absorpton tube (Fig, it8 ), 693 
Wood’s metal, analysis of (see Alloys), 664 
Wurster’s method for ozone, ,697 

Xenon in the atmospheric air, 292 

Ytterbium, 112, 113 

Zinc, detection of, 477 

estimation, general procedure, 477 

gravimetric determination by electroly- 
sis, 479 

as the oxide, ZnO, 479 
as the sulphate, ZnS04, 479 
volumetric methods, ferrocyanide titra- 
tion: 

(a) in aciil solution, 480, 483 
(/;) in alkaline solution, 481 
estimation, special procedures: 

determination in alloys, in brass and 
bronze, 6O9 
in Cerman silver, 669 
in manganese pliosphorus bronze, 670 
in copper (metallic), 169 
in lead (metallic), 252 
in Rose’s metal, 664 
in soft solder, 663 

determination in composite white paint, 
634 

in orange and yellow pigments, 639 
in white lead (sublimed), 623 
determination in material contaim'ng 
cadmium, 482 

in presence of carbonaceous matter, 
482 

in presence of metallics, 482 
in material containing insoluble zinc, 

485 

determination in ores, copper-bearing, 481 
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Zinci estimation in water^ SS 7 » 55 ^ 
in zinc dust, 487 

moisture determination in pulp, 478 
preparation of the sample, 478 
separation from antimony, arsenic, bis* 
muth, cadmium, copper, and lead, 478 
from aluminum, iron, manganese, cobalt 
and nickel, 478r-48o 
from iron, 66^ 

sulphide precipitation of zinc, 483-485 
spelter, determination of impurities in, 489 
cadmium in, electrolytic and sulphide 
methods, 491 

iron in, hydrogen sulphide and colori- 
metric methods, 490 
lead in, electrolytic and lead acid 
methods, 489, 490 

traces,” determination of small amounts 
of zinc, 487 

Zinc metal, preparation, of pure, for arsenic 
determination, 42 
metallic, testfor iridium, 330 
for palladium, 333 
for platinum, 325 
for rhodium, 336 
for ruthenium, 334 
for titanium, 432 
for vanadium, 46^ 

Zinc arscnite, determination of arsenic, 
soluble and insoluble, in, 32 


Zinc lead and leaded zinc, analysis of, 6s6 
oxide, determination of zinc as, 479 
impurities in, 492, 627 
in the commercial product, 630 ^ 
reduction method for detenmning iridium, 

of^lorates, 128 
of iron salts, 2x6 

of phosphomolyrbdate for phosphorus 
determination, 317 
of vanadium salts, 470 
references to literature concerning methods^ 
49 h 493 

sulphate in zinc lead and leaded zinc, 627 
in lithopone, 630 « 

weighing zinc as, 479 
sulphide in lithopone, 630 
Zirconium, detection of, 494 

estimation, gravimetric precipitating atf 
hydroxide, 496 

as oxide Jn presence of iron oxide, 
496 

as phosphate, 496 
occurrence, 494 

preparation and solution of the sample, 
materials high in silica, 494 
mineral oxirlcs, 495 

separation from cerium and the iron 
groups, 495 

from iron, titanium, and thorium, 495 
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Bacon, F. W. Treatise on the Richards Steam-Engine Indicator . . zamo, z oo> 


Bailey, R. D. The Brewers* Analyst. Svo, *5 oo 

Baker, A. L. Quaternions Svo, *z 35 

Thick-Lens Optics zamo, *z 50- 

Baker, Benj. Pressure of Earthwork. (Science Series Ho. 56.)...z6mo, 

B/ticer, 6 . S. Ship Form, Resistance and Screw Propulsion Svo, *4 50 

Baker, 1 . 0 . Levelling. (Science Series Ho. pz.) z6mo, 050 

Baker, M. H. Potable Water. (Science Series Ho. 6z.) z6mo, o got 

tewerage and Sewage Purification. (Science Series Ho. zS.)..z6mo, o 50 

Baker, T. T. Telegraphic Transmission of Photographs zamo, "'z 35 

Bale, O. R. Modem Iron Foundry Practice. Two Volumes, zamo. 

VoL I. Foundry Equipment, Materials Used *2 50 

VoL n. Machine Moulding and Moulding Machines 

Ball, J. W. Concrete Structures in Railways Svo, *2 50 

Ball, R. S. Popular Guide to the Heavens Svo, *5 00 

Hatnral Sources of Power. (Westminster Series.) Svo, *a 00 

Ball, W. V. Law Affecting Engiimers Svo, *3 50 


Bankson, Lloyd. Slide Valve Diagrams. (Science Series Ho. zoS.) . z6mo, o 50 
Barham, G. B. Development of tiie Incandescent Sectric Lamp. . . .Svo, *2 00 
Barker, A. F. Textiles and Their Manufacture. (Westminster Secies.)8vo, a 00 
Baricer, A. F., and Midway, E. Analysis of Textile Pabries Svo, 3 00 


Barker, A. H. Ozaphlc Methods of Engine Design. zamo, *z go 

Heating and Ventilation qtio, *8 oO 
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Barnard, J. H. The MJaval Militiaman’s Guide leather 

Barnard, Major J. G. Rotary Motion. (Science Series Ho. 90.) i6mo, 

Barnes, J, B. Elements of Military Sketching i6mo, 

Barrus, G. H. Engine Tests 

Barwise, S. The Purification of Sewage 

Baterden, J. R. Timber. (Westminster Series.) . &>o. 

Bates, E. !>., and Charlesu^rth, F. Practical Mathematics and 
Geometry lamo, 


Part I. Preliminary and Elementary Course 

Part n. Advanced Course 

Practical Mathematics lamo, 

Practical Geometry and Graphics lamo, 

Batey, J. The Science of Works Management lamo, 

Steam Boilers and Combustion lamo. 

Bayonet Training Manual i6mo. 

Beadle, C. Chapters on Papermaking. Five Volumes zamo, each, 

Beaumont, R. Color in Woven Design 8vo, 

Finishing of Textile Fabrics 8vo, 

Standard Cloths 8vo, 


Beaumont, W. W. The Steam-Engine Indicator 8vo, 

Bechhold, H. Colloids in Biology and Medicine. Trans, by J. G. 
Bullowa (/» Press.} 


s 00 
o 

*0 60 
*4 00 

3 50 
*a 00 


•z 


*z 


*2 

00 

2 

00 


50 

*1 

50 

0 

30 

*2 

00 

♦6 

00 

*4 

CO 

*5 

00 

a 

50 


Beckwith, A. Pottery 8vo, paper, 060 

Bedell, F., and Pierce, C. A. Direct and Alternating Current Manual. 

8vo, 4 00 

Beech, F. Dyeing of Cotton Fabrics 8vo, 4 00 

Dyeing of Woolen Fabrics 8vo, *3 50 

Begtrup, J. The Slide Valve 8vo, *3 00 

Beggs, G. E. Stresses in Railway Girders and Bridges (/n Press.) 

Bender, C. £. Continuous Bridges. (Science Series No. a6.) z6mo, o 50 

Proportions of Pins used in Bridges. (Science Series No. 4.) 

z6mo, o 50 

Bengough, G. D. Brass. (Metallurgy Series.) (In Press.) 

Bennett, H. G. The Manufacture of Leather 8vo, *5 00 

Bernthsen, A. A Text - book of Organic Chemistry. Trans, by G. 

M’Gowan xamo, *3 00 

Bersch, J. Manufacture of Mineral and Lake Pigments. Trans, by A. C. 

Wright 8 VO, 

Berlin, L. E. Marine Boilers. Trans, by L. S. Robertson 8vo, 5 00 

Beveridge, J. Papermaker’s Pocket Book lamo, '*4 00 

Binnie, Sir A. Rainfall Reservoirs and Water Supply 8vo, *'3 00 

Binns, C. F. Manual of Practical Potting 8vo, *7 50 

The Potter’s Craft zamo, *2 00 

Birchmore, W. H. Interpretation of Gas Analysis zamo, *z 25 

Blaine, R. G. The Calculus and Its Applications zamo, *z 50 

Blake, W. H. Brewers’ Vade Mectun 8vo, *4 00 

Blssdale, W. C. Quantitative Chemical Analysis. (Van Nostrand’s 

Textbooks.) lamo, 50 

BUgh, W. G. The Practical Design of Irrigation Works 8vo, 
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Blodi, L. ^ence of niimifautioii. Tnuia. bj W. C. CUnton 6vo, *2 50 

Blok, A. IlliimiiiAtion and Artificial Lighting lamo, 1 •$ 

Blflcher, R. Modem Industrial Chemistiy. Ttans. by J. P. Millington. 

ovo, *7 S® 

Dlyfii, AW. Foods: Their Composition and Analysis 8vo, 7 50 

Poisons: Their Effects and Detection Svo, 8 50 

Bhckmann, F. C^uloid xamo, 50 

Bodmer, 6. R. Hydraulic Motors and Turbines xamo, 5 00 

Boileau, J. T. Traverse Tables' 8vo, s 00 

Bonney, 6. B. The Electro-platers’ Handbook xamo, x 50 

Booth, N. Guide to the Ring-spinning Frame xamo, '’x ag 

Booth, W. H. Water Softening and Treatment 8vo, ’’a 50 

, Superheaters and Superheating and Their Control 8vo, *x 50 

Bottcher, A. Cranes: Their Construction, Mechauical Equipment and 

Working. Traiu. by A. ToUiausen 4to, *'xo 00 

, Bottler, M. Modem Bleaching Agents. Trans, by C. Salter . . . .xamo, *a 50 

Bottone, S. R. Magnetos for Automobilists xamo, '’x 00 

Boulton, S. B. Preservation of Timber. (Science Series No. 8a.) . x6mo, o 50 

Bourcart, E. Insecticides, Fungicides and Weedkillers 8vo, *450 

Bourgougnon, A. Physical Problems. (Science Series No. xx3.).x6mo, 050 

Bourry, E. Treatise on Ceramic Industries. Trans, by A. B. Searle. 

8vo, *5 00 

Bowie, A. J., Jr. A Practical Treatise on Hydraulic Mining 8vo, 5 00 

Bowles, O. Tables of Common Rocks. (Science Series No. xa5.).x6mo, o 50 

Bowser, E. A. Elementary Treatise on Analytic Geometry xamo, x 75 

Elementary Treatise on the Differential and Integral Calculus . x amo, a ag 

Elementaxy Treatise on Analytic Mechanics xamo, 3 00 

Elementaxy Treatise on Hydro-mechanics xamo, a go 

A Treatise on Roofs and Bridges xamo, *2 ag 

Boycott, G. W. M. Compressed Air Work and Diving 8vo, *4.00 

jsradford, 6., and. Whys and Wherefores of Navigation xamo, a 00 

Bragg, E. M. Maxine Engine Design xamo, ”3 00 

Design of Marine Engines and Auxiliaries 8vo, ”'3 00 

Braixiard, F. R. The Sextant. (Science Series. No. xox.) x6mo, 

Brassey’s Naval Annual for xgig. War Edition 8vo, 4 00 

Briggs, R., and Wolff, A. R. Steam-Heatixig. (Science Series No. 

68.) x6mo, o go 

Bright, C. The Life Story of Sir Charles Tilson Bright 8vo, ’*4 50 

Brislee, T. J. Introduction to the Study of Fuel. - (Outlines of Indus- 
trial Chemistry.) 8vo, *3 06 

Broadfoot, S. K. Motors: Secondary Batteries. (Installation Manuals 

Series.) xamo, ’*'075 

Broughton, H. H. Electric Cranes and Hoists 

Brown, G. Healthy Foundafimia. (Science Series No. 80.) x6xno, o go 

Brown, H. Irrigation. 8vo, 00 

Brown, H. Rubber 8vo, *a 00 

W. A. Portland Cement Industry 8vo, 3 00 

Brown, Wm. N. Dipping, Burnishing, Lacquering and Bronsing 

Brass Ware xamo, *x ag 

Handbook on Japanning xamo, *x go 
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Brown, Wm. N. The Art of Bnemellias on Metal lamo, *« oo 

House Decorating and Pa int i ng lamo, *i 5 ** 

History of Decorative Art lamo, *x 35 

Worlnhop Wrinkles 8vo, *i oo 

Browne, C. I*. Fitting and Erecting of Engines 8vo, *1 50 

Kowae, R. E. Water Meters. (Science Series No. 81.) i6nio, o 50 

Bruce, E. M. Detection of Common Food Adulterants lamo, z 25 

Brunner, R. Manufacture of Lubricants, Shoe Polishes and Leaiher 

Dressings. Trans, by C. Salter 8vo, *3 00 

Buel, R. H. Safety Valves. (Science Series No. ax.) x6mo, o go 

Bunkley, J. W. Military and Naval Recognition Book x6mo, x oc 

Burley, O. W. Lathes, Their Construction and Operation lamo, i as 

Machine and Fitting Shop Practice tamo, a 00 

Burnside, W. Bridge Foundations xamo, *z 50 

Burstall, F. W. Energy Diagram for Gas. With Texet 8vo, z 56 

Diagram. Sold separately *x 00 

Burt, W. A. Key to the Solar Compass x 6 mo, leather, 3 50 

Buskett, E. W. Fire Assaying lamo, ’"i as* 

Butler, H. J. Motor Bodies and Chassis 8 vo, **350 

Byers, H. O., and Knight, H. G. Notes on Qualitative Analysis . . . .8vo, 50 

Cain, W. Brief Course in the Calculus xamo, ^x 75 

Elastic Arches. (Science Series No. 48.) z6mo, o so 

ssa-rimtim StTOsses. (Science Series No. 38.) x6mo, o 50 

Practical Designing Retaining of Walls. (Science Series No. 3.) 

x6mo, o 50 

Theory of Steel-concrete Arches and of Vaulted Structures. 

(Science Series No. 43.) x6mo, o 50 

Theory of Voussoir Arches. (Science Series No. la.) i6mo, o 50 

— — Symbolic Algebra. (Science Series No. 73.) x6nio, o 50 

Calvert, G. T. The Manufacture of Sulphate of Ammonia and 

Crude Ammonia xamo, 3 00 

Carpenter, F. D. Geographical Surveyixig. (Science Series No. 37.).i6mo, 
Carpenter, R. C., and Diedeiichs, H. Internal Combustion Engines. . 8vo, *5 00 

Carter, H. A. Raxnie (Rhea), China Grass xamo, *a 00 

Carter, H. R. Modem Flaxc, Hemp, and Jute Spiiming 8vo, '*3 00 

Bleaching, Dyeing and Finishing of Fabrics 8vo, ’"x 00 

Cary, £. R. Solution of Railroad Problems with the Slide Rule . . x6mo, *x 00 

easier, M. D. Simplified Reinforced Concrete Mathematics xamo, ’"x 00 

Cathcart, W. L. Machine Design. Paxt I. Fastexiings 8vo, *3 00 

Cathcart, W. L., and Chaffee, J. 1. Elements of Graphic Statics . . .8vo, "'3 00 

• Short Course in Graphics xamo, x 50 

Caven, R. M., and Lander, G. D. Systematic Inorganic Chemistry. xamo, *3 00 

Chalkley, A. P. Diesel Engines 8vo, "'4 00 

Chalmers, T. W. The Production and Treatment of Vegetable Oils, 

4to, 7 50 

Chambers* Madxematical Tables 8vo, x 75 

Chambers, G. F. Astronomy x6mo, *x 50 

Chappel, E. Five Figure Mathematical Tables 8vo, *a 00 

Charnock, Mechanical Technology 8vo, *'3 00 

Charpentier, P. Timber 8vo, *6 00 

Chatley, H. Principles and Designs of Aeroplanes. (Science Series 

No. xa6) x6mo, o 50 

How to Use Water Power xamo, *x 00 

Gyrostatic Balancing 8vo, *x 00 
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GUld, C. D. Electric Ace 8vo, *a oo 

Chrifltian, M. IMciiifectioii end Disinfectants. Trans, by Chas. 

Salter xamo, a oo 

Chrietie, W. W. Boiler-waters, Scale, Corrosion, Foaming 8vo, *3 00 

CUauiey Design and Theory 8vo, *3 00 

Furnace Draft. (Science Series No. 133.) i6nio, o go 

Water: Its Purification and Use in the Industries 8vo, *a 00 

Church’s Laboratory Guide. Rewritten by Edward Kinch 8 to, *x 50 

Clapham, J. H. Woolen and Worsted Industries 8vo, a 00 

Clapperton, G. Practical Papermaidng 8vo, 3 50 

Clarfc, A. G. • Motor Car Engineering. 

Vol. I. Construction . ’ *3 00 

Vol. II. Design 8 to, *3 00 

, Clark, C. H. Marine Gas Engines, New Edition (/n Press.) 

Clark, J. M. New System of Laying Out Railway Turnouts xaino, x 00 

Clarke, J. W., and Scott, W. Plumbing Practice. 

Vol. I. Lead Working and Plumbers’ Materials 8vo, *4 00 

Vol. II. Sanitary Plumbing and Fittings (In Press.) 

Vol. III. Practical Lead Working on Roofs (In Press.) 

Clarkson, R. B. Elementary Electrical Engineering (In Press.) 

Clausen-Thue, W. ABC Universal Commercial Telegraphic Code. 


Clerk, D., and Idell, F. B. Theory of the Gas Engine. (Science Series 

No. 63.) z6mo, o 50 

Clevenger, S. R. Treatise on the Method of Government Surve]ring. 

x6mo, morocco, a 5c 

Clouth, F. Rubber, Gutta-Percha, and Balata 8vo, *5 o^ 

Cochran, J. Concrete and Reinforced Concrete Specifications 8vo, *» 50 

Inspection of Concrete Construction 8vo, *4 00 

Treatise on Cement Specifications 8vo, *i 00 

Cocking, W. C. Calculations for Steel-Frame Structures xamo, *a 

Coffin, J. H. C. Navigation and Nautical Astronomy zamo, *3 50 

Colburn, Z., and Thurston, R. H. Steam Boiler Explosions. (Science 

Series No. 3.) z6zno, o 50 

Cole, R. S. Treatise on Photographic Optics zamo, z 50 

Coles-Finch, W. Water, Its Origin and Use . . 8vo, *5 00 

Collins, C. D. Drafting Room Methods, Standards and Forms 8vo, a 00 

Collins, J. E. Useful Alloys and Memoranda for Goldszniths, Jewelers. 

z6mo, o 50 

Collis, A. G. High and Low Tension Switch-Gear Design 8vo, ’*‘3 50 

Switchgear. (Installation Manuals Series.) xamo, *050 

Comstock, D. F., and Troland. L. T. The Nature of Electricity and 

Matter gvo, 'a 00 

Coombs, H. A.^rGear Teedi. (Science Series No. zao.) zfimo, o 50 

Cooper, W.R. Prlnoary Batteries gyo, *400 

Copperthwaite, W. C. TUimel Shields 4to, *9 00 

Coffield, W. H. Dwdling Houses. (Science Series No. 50.) zdmo, o 50 

— — Water and Water-Supply. (Science Series No. 17.) ifimo, o 50 

Cornwall, H. B. Mantud of Blow-ripe Analysis 8vo, *350 

Cowee, G. A. Practical Safety Methods and Devices 8vo, *3 00 
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Cowan, W.B. Pure Air, Ozoiio, and Wotor 

Craig, J. W., and Woodward, W. P. Qnootioas and Aniwera , 

JSnoctrieal Ap^aratva 

‘Cndg, % ’ MaOpa dl kStM In a Fu^ (Sdenco Seiloo No. 49.) . rddfioi;' ' ' 

WwN and Vortez Motion. (Sdonco Sorioo No. 43<) o go 

Cramp, W. Contlniioua Current Machine Design • .Fee, ^ .*» g^. 

Cmune, A. C. Mystery of Matter and Energy •dyoi, x oe 

Croedy, F. 8in||e Fluuie Commutator Motors. : 8vo, *a 00 

GroCker, F. B. Moetric Lighting. Two Volumes. 8vo. 

Vol. L The Omierating Plant 3 no 

V<d. n. Distributing Bfatema and Lanqis 

Crodcer, F. B., and Arendt, M. Electric Motors 8vo, *3 90 

Crockwr, F. B., and Wheeler, S. S. The Management of Electrical ICa- 

chineiy zamo, *z od 

Cross, C. F., Bevan, E. J., and Sindall, R. W. Wood Pulp and Its Appiica- 

tions. (Westminster Series.) 8vo, *3 00 

Crosskey, L. R. Elementary Perspective 8vo, z 35' 

Crosskey, L. R., and Thaw, J. Advanced Perspective 8vo, i 50 

CuUey, J. L. Theory of Arches. (Science Series No. 87.) z6ino, o 50 

Cushing, H. C., Jr., and Harrison, N. Central Station Management ... ""a 00 


Dadourian, H. M. Analjrticai Mechanics zamo, 

Dana, R. T, Handbook of Construction plant lamo, leather, 

Danby, A. Natural Rock Asphalts and Bitumens 8vo, 

Davenport, C. The Book. (Westminster Series.) 8vo, 

Davey, N. The Gas Turbine 8vo, 

Davies, F. H. Electric Power and Iriiction 8vo, 

Foundations and Machinery Fixing. (Installation Manual Series.) 

i6mo, 

Deerr, N, Sugar Cane .8yp, 

Deite, C. Manual of Soapmaking. Trans, by S. T. King 4to, 

DeUCoux, H. The Industrial Uses of Water. Trans, by A. Morris. 8vo, 

Delf Mar, W. A. Electric Power Conductors 8vo, 

Denny, G. A. Deep-level Mines of the Rand 4to, 

Diamond Drilling for Gold 

De Roos, J. D. C. Linkages. (Science Series No. 47.) z6mo, 

Derr, W. L. Block Signal Operation Oblong zamo. 


Maintenance-of-Way Engineering (/« PreparcUion.) 

Desaint, A. Three Hundred Shades and How to Mix Them 8vo, 


De Varona, A. Sewer Gases. (Science Series No. 55.) x6mo. 


Devey, R. G. Mill and Factory Wirizig. (Installation Manuals Series.) 


zamo, 

Dibdin, W. J. Purification of Sewage and Water 8vo, 

DIchmann, Cari. Basic Open-Hearth Steel Process zazno, 

Dieterich, K. Analysis of Resins, Balsams, and Gum Resins 8vo, 

Dilworth, £. C. Steel Railway Bridges 4to. 


Dinger, Lieut. H. C. Care az.d Operation at Naval Machinery . . . zamo, 
Dixtm, D. B. Machinist's and Steam Engineer's Practical Calculator. 

zfimo, morocco. 

Dodge, G. F. Diagrams for Designing Reinforced Concrete Structures, 

folio. 


*3 

00 

*5 

00 

*a 

50 

*2 

cx> 

*4 

00 

*2 

00 

*1 

00 

8 

00 

*4 

so 

*2 

00 

ZO 

00 

*5 

00 

0 

50 


50 

*8 

00 

0 

50 

*z 

00 

6 

50 

*3 

50 

•3 

00 

*4 

00 

*2 

00 

X 

25 

*4 

00 
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Doaumt^ /W. B. Motor Car McchaniMn tano^ *x 50 

1 ^, tha Svrvafw*# QiiiMe and 

, timOf motocoi^: a. 00 

S.' W. Mining Fatmtilaa. k.; .^ . . . .. tam^ 1 

llal^V^ Powtt Oaa Enginaa .’i,\ *$ oa 

Dinnasnyt and Nojrart J. Wood Prodneta, Dtomtatoa, and Xxtraete. 

1 8vo. *4 50 

Duncan, W. G., and Pennuuit D. Tba Blacttleal Bquipniant of CtdJlariaa. 

8ro, *4 00 

Dunkley, W. G. Design of Machine Elements. Two Volumes. .8vo, eael^ x so 
Dunstan, A. E., and Thole, F. B. T. Textbook of Practical Chemistry. 


• xamo, *x 40 

Durham, H. W. Saws 8vo, a 50 

Duthie, A. L. Decoratire Glass Processes. (Westminster Series.). 8vo, *a 00 

Dwight, H. B. Transmission Line Formulas 8vo, *200 

Dyson, 8. S. Practical Testing of Raw Materials 8vo, *5 00 

Dyson, S. S., and Clarkson, S. S. Chemical Works 8vo, *7 50 

Eccles, W. H. Wireless Telegraphy and Telephony xamo, *^4 50 

Eck, J. Light, Radiation and Illumination. Trans, by Paul Hogner, 

8vo, *8 50 

Eddy, H. T. Maximum Stresses under Concentrated Loads 8vo, i 50 

Eddy, L. C. Laboratory Manual of Alternating Currents xamo, o 50 

Edelman, P. Inventions and Patents xamo, ’"i 50 

Edgeumbe, K. Industrial Electrical Measuring Instruments 8vo, 

(/« Press.) 

Edler, R. Switches and Switchgear. Trans, by Ph. Laubach. . .8vo, *400 

Eissler, M. The Metallurgy of Gold Svo, 7 50 

The Metallurgy of Silver Svo, 4 00 

The Metallurgy of Argentiferous Lead Svo, 5 00 

A Handbook on Modem Explosives Svo, 5 00 

Ekin, T. C. Water Pipe and Sewage Discharge Diagrams folio, *3 00 

Electric Light Chrbons, Manufacture of Svo, x 00 

Eliot, C. W., and Storer, F. H. Compendious Manual of Qualitative 

Chemical Analysis xamo, *x ag 

Ellis, C. Hydrogenation of Oils Svo, (/n Press.) 

Ellis, G. Modern Technical Drawing Svo, "a 00 

Ennis, Wm. D. Linseed Oil and Other Seed Oils Svo, *'4 00 

Applied Thermodynamics Svo, *4 go 

Flying Machines To-day xamo, ^x go 

Vapors for Heat Engines xamo, *x 00 

Brmen, W. F. A. Materhds Used in Sizing Svo, *a 00 

Erwin, M. The Universe and the Atom xamo, 00 

Evans, C. A. Macadamized Roads (.In Press.) 

Ewing, A. J. Magnetic Induction in Iron Svo, *400 

Fairie, J. Notes on Lead Ores xamo, '*'0 50 

Notes on Pottery Clays xamo, *x 50 
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Faiiiey, W., and Andre» Geo. J. Ventilation of Coal Mines. (Sciancs 

Series No. 58.) x6niO( 

Fairereather, W. C. Foreign and Colonial Patent Laws 8vo, 

Falk, M, S. Cement Mortars and Concretes 8 to, 

Fanning, J. T. Hydraulic and Water-supfdy Bngiheering 8vo, 

Fay, I. W. The Coal*tar Colors 8vo, 

Fembach, R. L. Glue and Gelatine 8vo, 

Findlay, A. The Treasures of Coal Tar xamo. 

Firth, J. B. Practical Physical Chemistry xamo, 

Fischer, B. The Preparation of Organic Cmnpounds. Tnms. by R. V. 

Stanford xamo. 

Fish, J. C. L. Lettering of Working Drawings Oblong 8vo, 

Mathematics of the Paper Location of a Railroad, .paper, xamo, 

Fisher, H. K. C., and Darby, W. C. Submarine Cable Testing . . . .8vo, 
Fleischmann, W. The Book of die Daixy. -Trans, by C. M. Aikman. 

8vo, 

Fleming, J. A. The Altenute-current Transformer. Two Volumes. 8vo. 

Vol. I. The Induction of Blectric Currents 

Vol. n. The Utilization of Induced Currents 

Propagation of Blectric Currents 8vo, 

A Handbook for die Blectrical Laboratory and Testing Room. Two 

Volumes 8vo, each, 

Fleury, P. Preparadon and Uses of White Zinc Paints 8vo, 

Fljrnn, P. J. Flow of Water. (Science Series No. 84.) xamo, 

Hydraulic Tables. (Science Series No. 66.) x6mo, 

Forgie, J. Shield Tunneling 8vo. {In Press.) 

Foster, H. A. Blectrical Engineers’ Pocket-book. {Seventh Edition.) 

xamo, leather, 

Engineering Valuation of Public Utilities and Factories 8vo, 

Handbook of Electrical Cost Data 8vo {In Press.) 

Fowle, F. F. Overhead Transmission Line Crossings xamo, 

The Solution of Alternating Current Problems Svo {In Press.) 

Fox, W. G. Transition Curves. (Science Series No. xxo.) x6mo. 

Fox, W., and Thomas, C. W. Practical Course in Mechanical Draw- 
ing xaxno, 

Foye, J. C. Chemical Problems. (Science Series No. 69.) x6mo, 

Handbook of Mineralogy. (Science Series No. 86.) x6mo, 

Francis, J. B. Lowell Hydraulic Experiments 4to, 

Franzen, H. Exercises in Gas Analysis xamo, 

Fteudemacher, P. W. Electrical Mining Installations. (Installation 

Manuals Series.) xamo. 

Friend, J. N. The Chemistry of Linseed Oil xamo. 

Frith, J. Alternating Current Design Svo, 

Fritsch, J. Manufacture of Chexnical Manures. Trans, by D. Grant. 

Svo, 

Frye, A. 1 . Civil Engineers* Pocket-book xamo, leather. 

Fuller, G. W. Investigations into the Purification of the Ohio River. 

4 * 0 , ’ 

Fumell, J. Paints, Colors, Oils, and Vamiahea Svo. 


Gairdner, J. W. 1. Bardiwork Svo i/n Press.) 

Gant, L. W. Elements of Electric Traction Svo, 


o so 
•3 00 
♦a 50 
*5 00 
*4 00 
*3 00 
a 00 

X as 

*x as 
X 00 
*0 as 
•3 50 

t 

4 00 

*5 56 

5 50 
■"j 00 

*5 00 
♦a 50 
o 50 
o 50 


5 00 
*3 00 

*x so 

o 50 

X as 

o so 

0 so 
xs 00 
*z 00 

*x 00 

1 00 
*2 00 

*4 00 
*S 00 

'xo 00 


*a so 
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0 «rda» A. J. R. V. SpanUh-Eni^iah Railway Tenna 8vo» *4 50 

Gardner, H. A. Paint Reeearcliea, and Their Practical Applications, 

8vo, *5 00 

Oarfordi, W. B. Rules for Recovering Coal Mines after Bxploaions and 

Fires lamo, leather, i 50 

Garrard, C. C. Electric Switch and Controlling Gear 8vo, *6 00 

Gaudard, J. Foundations. (Science Series No. 34.) x6mo, 050 

Gear, H. B., and Williams, P. F.' Electric Central Station Distribution 

Systems 8vo, *3 50 

Geeillgs, H. C. P. Cane Sugai and Its Manufacture 8vo, *5 00 

Chemical Control in Cane Sugar Factories 4to, 4 00 

Geikle, J. Structural and Field Geok^ 8vo, *400 

Mountains. Their Growth, Origin and Decay 8yo, ’"4 00 

The Antiquity of Man in Europe 8 to, *3 00 

Georgi, F., and Schubert, A. Sheet Metal Working. Trans, by C. 

Salter. 8ro, 300 

Gerhard, W. P. Sanitation, Watersupply and Sewage Disposal of Country 

* Houses ismo, *2 00 

Gas Lighting (Science Series No. izx.) i6mo, o 50 

— — Household Wastes. (Science Series No. 97.) z6mo, o 50 

House Drainage. (Science Series No. 63.) z6nip, o 50 

Sanitary Drainage of Buildings. (Science Series No. 93.) z6mo, o 50 

Gerhardi, C. W. H. Electricity Meters 8vo, *"6 00 

Geschwind, L. Manufacture of Alum and Sulphates. Trans, by C. 

Salter 8vo, *5 00 

.Gibbings, A. H. Oil Fuel Equipment for Locomotives 8vo, 50 

Gibbs, W. E. Lighting by Acetylene zamo, *i go 

Gibson, A. H. Hydraulics and Its Application 8vo, *5 00 

Water Hammer in Hydraulic Pipe Lines zamo, *2 00 

Gibson, A. H., and Ritchie, E. G. Circular Arc Bow Girder 4to, '*‘3 50 

Gilbreth, F. B. Motion Study. zamo, *2 00 

Bricklaying System 8vo, ’"3 00 

Field System zamo, leather, *3 00 

Primer of Scientiflc Management zamo, ’''t 00 

Gillette, H. P. Handbook of Cost Data zamo, leather, '*'5 00 

Rock Excavation Methods and Cost zamo, ob 


and Hill, C. S. Concrete Construction, Methods and Cost 8vo, *‘5 00 

Gillmore, Gen. Q. A. Roads, Streets, and Pavements zamo, z ag 

Godfrey, E. Tables for Structural Engineers z6mo, leather, *3 50 

Golding, H. A. The Theta-Phi Diagram zamo, *x 35 

Goldschmidt, R. Alteriuiting Current Coznmutator Motor 8vo, *3 00' 

Goodchild, W. Precious Stones. (Westminster Series.) . .8vo, *2 00 

Goodell, J. M. The Location, CozMtruction and Maintezuince of 

Roads 8vo, z 00 

Goodeve, T. M. Textbook on the Steam-engine zamo, a 00 

Gore, G. Electrolytic Separation of Metals 8vo, *350 

Gould, B. S. Arithmetic of the Steam-engine zamO, z 00 

Calculus. (Science Series No. zza.) z6mo, o go 

High Masonry Dams. (Science Series No. aa.) z6mo, o go 

Gould, B< 8. Practical Hydrostatics and Hydrostatic Formulas. (Science 

Series No. zzy.) ,6nio, © 50 
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* rJ 

Onitie«pyL.P. A Populnr 0 «lde to Miaenls 

Ony> J> Rlactrleal Xoflueace Mochinet. . . ’• sa>t<V . % 

Ifttino Boilff Deaigo xamo, *i »S 

Onotthilly O. Dynomiet of Medumical Flight Svo« *» 9f^ 

Orogerini, R. Mintna Waxo*. Trans, by C. Salter. xamo, *3 00 

Chienon, R. Some Mogem Methods of VentilatiOB dvoy "'3 00 

Griffiths, A. B. A Treatise on Manures. tamo, 3 00 

Denial Metallurgy. *3 50 

Gross, B. Hops *4 5 ® 

Grossman, J. Ammonia and Its Compounds zamo, *x ag 

Gzoth, L. A, Welding and Cutting Metals by Gases or Electricity. 

(Westminster Series) 8vo, *a 00 

Grovtr, F. Modem Gas and Oil Engines Seo *2 00 

Gruner, A. Power-loom Weaving 8vo, *300 

Grunsky, C. E. Topographic Stadia Surveying i6mo, a 00 

Gllldner, Hugo. Internal Combustion Engines. Trans, by H. Diederichs. 

4to, *15 00, 

Gunther, C. 0 . Integration Svo, *i aS 

Garden, R. L. Traverse Tables folio, half morocco, *7 50 

Guy, A. B. Experiments on the Flexure of Beams. 8vo, ’*'1 35 

Haenig, A. Emery and Emery Industry gvo, *a 50 

Hainbach, R. Pottery Decoration. Trans, by C. Salter ismo, *3 00 

Hale, W. J. Calculations of General Chemistry lamo, ’"i 35 

Hall, C. H. Chemistry of Paints and Paint Vehicles lamo, *2 00 

Hall, 6. L. Elementary Theory of Alternate Current Working. . . .8vo, 

Ball, R. H. Governors and Governing Mechanism zamo, ’"300 

Ball, W. S. Elements of the Differential and Integral Calculus 8vo, ’■'2 25 

Descriptive Geometry 8vo volume and a 4to atlas, "‘3 50 

Haller, G. F., and Cunningham, E. T. The Tesla Coil zamo, '"z ag 

Halsey, F. A. Slide Valve Gears. zamo, z go 

•— — The Use of the Slide Role. (Science Series No. ZZ4.) z6mo, o go 

Worm and Spiral Gearing. (Science Series No. zz6.) z6mo, o go 

Hancock, H. Textbook of Mechanics and Hydrostatics 8vo, z go 

Hancock, W. C. Refractory Materials. (Metallurgy Series.) (/n Press.) 

Hardy, E. Elementary Principles of Graphic Statics zamo, "'z go 

Haring, H. Engineering Law. 

Vol. I. Law of Contract 8vo, *4 00 

Harper, J. H. Hydraulic Tables on the Flow of Water z6mo, *'3 00 

Harris, S. M. Practical Topographical Surve3dng (/n Press.) 

Harrison, W. B. The Mechanics' Tool-book zamo, z go 

Hart, J. W. External Plumbing Work 8vo, *3 00 

- Hints to Plumbers on Joint Wiping 8vo, *3 00 

Principles of Hot Water Supply 8vo, *3 00 

Sanitary Plumbing and Drainage 8vo, *3 00 

Haskins, C. H. The Galvanometer and Its Uses z6mo, z go 

Hatt, J. A. H. The Colorist square zamo, *z go 

Hausbrand, E. Drying by Means of Air and Steam. Trazis. by A. C. 

Wright zamo, *a 00 

— — Evaporating, Condensing and Cooling Apparatus. Trans, by A. C. 

Wright 8vo, *5 00 
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E. Tel^^mph Biq^iiiMciiig tvo, 

EMvmi^ a* lUnttibetnra Prsiemd Foods ond SwootmoMs. Tnuit. 

Jbff A. Mocris and H. Robson SvOf 

Hawkssnsmtiit J. Gtapldcal Handbook for Rslnloreod Concrsto Dosign. 

4*0, 

Hay, A. Continuons Cnrrent Bngiaaering 8vo, 

Hayes, H. V. Public Utilities, Their Cost New and Depreciation. . .8 to, 

Public Utilities, Their Fair Present Falue and Return 8 to, 

Heath, F. H. Chemistry of Photography Svo. (/m Press.) 

BeaUier, H. J. S. Electrical Engineering Svo, 

Heaviside, O. Electromagnetic Theory. Vols. I and n. . . .Svo, each, 

Vol. m Svo, 

Heck, R. C. H. The Steam Engine and Ttirbine Svo, 

* SteanedEngine and Other Steam Motors. Two Volumes. 

Vol. I. Thermodjmamics and the Mechanics Svo, 

Vnl. XL Form, Construction, and Working Svo, 

Notes on Elementary Kinematics Svo, boards, 

Graphics of Machine Forces Svo, boards, 

Heermann, P. Dyers* Materials. Trans, by A. C. Wright lamo, 

Heidenxeich, E. L. Engineers’ Pocketbook of Reinforced Concrete, 

x6mo, leather, 

Ht^ot, Macquer and D’Apligny. Art of Dyeing Wool, Silk and Cotton. Svo, 

Henrici, O. Skeleton Structures. Svo, 

Herixtg, C., and Getman, F. H. Standard Tables of Electro-Chemical 
Equivalents tamo, 

Herfatg, D. W. Essentials of Phyirics for College Students Svo, 

Beciqg-Shaw, A. Domestic Sanitation and Plumbing. Two Vols.. .Svo, 

Hering-Shaw, A. Elementary Sdeace Svo, 

Herington, C. F. Powdered Coal as Fuel Svo, 

Herrmann, G. The Graphical Statics of Mechanism. Trans, by A. P. 

Smith zamo, 

Her^sld, J. Testing of Yams and Textile Fabrics Svo, 

Hildehrandt, A. Airships, Past and Present Svo, 

•HnHow'hr.anii, B. W. Cable-Making. (Science Series No. 3a.) .... i6mo, 

T. P. A Concise History of Chemistry zamo. 

Hill, C. S. Concrete Inspection z6mo. 

Hill, J. W. The Purification of Public Water Supplies. New Edition. 

(/« Press.) 

Interpsotation of Water Analysia (/n Press.) 

Hill, M. J. M. The Theory of Proportion Svo, 

Hizoi, 1. Plate Girder Construction. (Science Series No. 95.) . . . zdmo, 

Statieaily-lndeterminate Stresses zamo, 

Hirritfeld^ CL F. Engineering Thermodjmamics. (Science Series No. 45.) 

zdmo. 

Hoar, A. The Sabmazlne Torpedo Boat zamo, 

Hobart^ K. M. Heavy Electrical Engineering Svo, 

Design of Static Transformers zamo, 

Electrki^. Svo, 

Electric Tnfns Svo, 

Electric Rrapiitadoa of Shipa Svo, 


' ■ t% 

00 

*2 50 
*2 go 
*2 00 
♦a 00 

•3 50 

*'5 00 
•7 SO 
♦3 so 

*3 SO 
♦5 00 
*z 00 
*z 00 
*2 50 

*3 00 
*2 oo> 

z so- 

*1 50 

** 75 
•5 00 
*2 00 
3 00 

2 00 
*3 5® 

o 50 
■^z as 
♦z 00 


*a 50 
o 50 
*2 00 

o 50 
*2 00 

*4 50 
*2 00 
*2 00 
*a 50 
♦a 50 
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Hobart, J. F. Hard Soldering, Soft Soldering and Brasing... 
Hobbs, W. R. P. The Arithmetic of Electrical Measurements. 

Hoff, J. N. Paint and Varnish Facts and Formulas 

Hole, W. The Distribution of Gas 

Holley, A. L. Railway Practice 

Hopkins, N. M. Model Engines and Small Boats 

Hopkinson, J., Shoolbred, J. N., and Day, R. E. Dynamic El 

(Science Series No. 71.) 

Horner, J. Practical Ironfounding 


How to Make the Railways Pay For the War. 


Homiman, Roy. 

Houghton, C. E. 

Houstoun, R. A. 

Hovenden, F. F 
Howe, G. Math 
Howorth, J. Re 

Hoyt, W. E. C: 

Hubbard, E. T 1 

Hiibner, J. Bleaching and Dyeing of Vegetable and Fibrous Materials. 

(Outlines of Industrial Chemistry.)... 8 to, 

Hudson, O. F. Iron and Steel. (Outlines of Industrial Chemistry.). Svo, 
Humphrey, J. C. W. Metallography of Strain. (Metallurgy Series.) 

(/h Press.) 

Humphreys, A. C. The Business Features of Engineering Practice.. Svo. 

Hunter, A. Bridge Work Svo. (/n Press.) 

Hurst, G. H. Handbook of the Theory of Color Svo, 

Dictionary of Chemicals and Raw Products Svo, 

Lubricating Oils, Fats and Greases Svo, 

Soaps Svo, 

Hurst, G. H., and Simmons, W. H. Textile Soaps and Oils Svo, 

Hurst, H. E., and Lattey, R. T. Text-book of Physics Svo, 

Also published in three parts. 

Part I. Dynamics and Heat 

Part II. Sound and Light 

Part III. Magnetism and Electricity 

Hutchinson, R. W., Jr. Long Distance Electric Power Transmission. 

lamo, 

Hutchinson, R. W., Jr., and Thomas, W. A. Electricity in Mining, tamo, 

(7n Press.) 

Hutchinson, W. B. Patents and How to Make Monsy Out of Then}. 

tamo, 

Hutton, W. S. The Works’ Manager’s Handbook Svo, 

Hyde, E. W. Skew Arches. (Science Series No. 15.) z6mo, 

Hyde, F. S. Solvents, Oils, Gums, Waxes Svo, 


.lamo. 

*x 

00 

. xamo. 

0 

75 

. xamo. 

*x 

50 

. . .Svo, 

*^7 

50 

. .folio. 

6 

00 

.xamo. 

X 

*5 

tricity. 



. x6mo. 

0 

50 

. .Svo, 


oa 

. . .Svo, 

*3 

00 

. . .Svo, 

3 

00 

.xamo. 

*2 

00 

. xamo. 

2 

00 

. xamo. 


50 

. xamo. 

♦i 

as 

nware. 



paper. 

*0 

50 

. .Svo, 

*0 

70 

. .Svo, 

♦2 

00 


*5 00 
*a 00 


”1 as 
50 

♦4 50 

*4 00 
*S 00 
3 00 
*3 00 

*1 as 
♦x as 
♦x so 

*3 00 


X 00 
6 00 
o 50 
♦a 00 


Induction Coils. (Science Series No. 53.} x(Smo, o so 

Ingham, A. E. Gearing. A practical treatise Svo, *a so 

Ingle, H. Manual of Agricultural Chemistry Svo, *3 00 
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limeBBf C. H. Problems in Machine Design xamot *2 00 

Air Compressors and Blowing Engines xamo, 

Centrifugal Pumps xamo, *2 00 

The Fan xamo, *a 00 


Jacob, A., and Gould, E. S. On the Designing and Construction of 

Storage Reservoirs. (Science Series No. 6) i6mo, o 50 

Jannettaz, E. Guide to the Determination of Rocks. Trans, by G. W. 

^ympton xamo, x 50 

Jehl, F. Manufacture of Caxhcas. 8vo, *4 00 

Jennings, A. S. Commercial Paints and Painting. (Westminster Series.) 

* 8vo, *2 00 


Jennison, F. H. The Manufacture of Lake Pigments 8vo, 

Jepson, G. Cams and the Principles of their Construction 8vo, 


Mechanical Drawing 8vo (In Preimralion.) 

Jervis-Smith, F. J. Dynamometers 8vo, 


Jockin, W. Arithmetic of the Gold and Silversmith xamo, 

Johnson, J. H. Arc Lamps and Accessory Apparatus. (Installation 

Manuals Series.) xamo, 

Johnson, T. M. Ship Wiring and Fitting. (Installation Manuals Series.) 

xamo, 

Johnson, W. McA. The Metallurgy of Nickel (In Preparation.) 

Johnston, J. F. W., and Cameron, C. Elements of Agricultural Chemistry 

and Geology xamo, 

"July, J. Radioactivity and Geology. xamo, 

Jones, H. C. Electrical Nature of Matter and Radioactivity xamo, 

Nature of Solution 8vo, 

New Era in Chemistry xamo, 

Jones, J. H. Tinplate Industry 8vo, 

Jones, M. W. Testing Raw Materials Used in Paint xamo, 

Jordan, L. C. Practical Railway Spiral xamo, leather, 

Joynsoxi, F. H. Designing and Construction of Machine Gearing . .8vo, 
Jdptner, H. F. V. Siderology: The Science of Iron. 8vo, 


*3 00 
*x so 

*3 50 
*x 00 


•o’Vs 
*0 75 


a 60 
"3 00 
*a 00 
*3 50 
’*'2 00 
*3 00 
*3 00 
•x 50 
2 00 
*5 00 


Kapp,G. Alternate Current Machinery. (Science Series No. 96.).x6mo, o 50 

Kapper, F. Overhead Transmission Lines 4to, '*'4 00 

Keim, A. W. Prevention of Dampness in Buildings 8vo, *2 00 

Keller, S.S. Mathematics for Engineering Students, xamo, half leather. 

and Knox, W. E. Analytical Geometry and Calculus '''a oo- 

Kelsey, W. R. Continuous-current Dynamos and Motors 8vo, *2 50 

Kemble, W. T., and Underhill, C. R. The Periodic Law and the Hydrogen 

Spectrum 8vo, paper, *0 50 

Kemp, J. F. Handbook of Rocks 8vo, *x 50 

Kennedy, A. B. W., and Thurston, R. H. Kinematics of Machinery. 

(Science Series No. $40 xdmo, o 50 

Keimedy, A. B. W., Unwin, W. C., and Idell, F. E. Compressed Air. 

(Science Series No. rod.) xdmo, o 50 
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Kennedy, R. Electrical Installations. Five Volumes 4to, 15 

Single Volumes each, 3 

Flying Machines; Practice and Design zamo, ’"a 

Principles of Aeroplane Construction 8vo, ''‘a 

Xennelly, A. E. Electro-dynamic Machinery 8vo, i 

Kent, W. Strength of Materials. (Science Series No. 41.) z6mo, o 

Kershaw, J. B. C. Fuel, Water and Gas Analysis 8vo, *2 

Electrometallurgy. (Westminster Series.) 8vo, *2 

The Electric Furnace in Iron and Steel Production lamo, 

Electro-Thermal Methods of Iron and Steel l^oduction. . . .8vo, '*3 

Kindelan, J. Trackman’s Helper lamo, a 

Kinzbruzmer, C. Alterzzate Cfurent Windings 8vo, *z 

Continuous Current Armatures 8vo, *’1 

Testing of Alternating Current Machines 8vo, *2 

Kirkaldy, A.. W., and Evans, A. D. History and Economics of 

Transport 8vo, *3 

Kirkaldy, W. G. David Kirkaldy’s System of Mechanical Testing .. 4to, 10 

Blirkbride, J. Engraving for Illustration 8vo, *t 

Kirkham, J. E. Structural Engineering 8 vo, ^5 

Kirkwood, J. P. Filtration of River Waters 4to, 7 

Kirschke, A. Gas and Oil Engines lamo, ’’x 

Klein, J. F. Design of a High-speed Steam-engine 8vo, *5 

Physical Significance of Entropy 8vo, *i 

Klingenberg, O. Large Electric Power Stations 4to, ’’5 

Knight, R.-Adm. A. M. Modern Seamanship 8vo, *6 

Knott, C. G., and Mackay, J. S. Practical Mathematics Svo, a 

Knox, G. D. Spirit of the Soil xamo, *1 

Knox, J. Physico-Chemical Calculations zamo, *z 

Fixation of Atmospheric Nitrogen. (Chemical Monographs.) . zamo, ’■'z 

Koester, F. Steam-Electric Power Plants 4to, *5 

Hydroelectric Developments and Engineering 4to, *5 

Koller, T. The Utilization of Waste Products 8vo, *3 

CosmeticB Svo, *2 

Koppe, S. W. Glycerine zamo, *2 

Kozmin, P. A. Flour Milling. Trans, by M. Falkner 8vo, 7 

Kremann, R. Application of the Physico-Chemical Theory to Tech- 
nical Processes and Manufacturing Methods. Trans, by H. 

E. Potts..., .' Svo, ’*'3 

Kretchmar, K. Yam and Warp Sizizig. Svo, *4 

Laffargue, A. Attack in Trench Warfare x6mo, o 

Lallier, £. V. Elementary Manual of the Steam Engine zamo, *2 

Lambert, T. Lead and Ita Compozmds .8vo, *3 

— — Bone Products azzd Manures Svo, *3 

Lamb<»n, L. L. Cottonseed Products Svo, *3 

Modem Soaps, Candles, and Glycerin Svo, *7 

Lamprecht, R. Recovery Work After Pit Fires. Trans, by C. Salter . Svo, *4 

Lancaster, M. Electric Cooking, Heating and Cleaning Svo, '"z 

Lanchester, F. W. Aerial Fli|fht, Two Volumes. Svo. 

Vol. I. Aerodynamics *6 

Vol. II. Aezodonetics *6 

/ 
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LaaclMSter, F. W. The Flsiing Machine Sro, 

Lange, K. R. By-Products of Coal-Gas Manufacture lanxo, 

Lamer, B. T. Principles of Altwnating Currents tamo. 

La Rue, B. F. Swing Bridges. (Science Series- No. 107.) idnao, 

Laasar-Cdhn. Dr. Modem Sdentiflc Chemistry. Trans, by M. M. 

Pattison Muir lamo, 

Latimer, L. H., Field, C. J., and Howell, J. W. Incandescent Electric 

Lighting. (Skience Series No. 57.) i6mo, 

Latta, M. N. Handbook of American Gas-Engineering Practice . . . 8vo, 

American Producer Gas Practice 4to, 

Laws, B. C. Stability ahd Equilibrium of Floating Bodies 8vo, 

Lawson, W. R. British Railways. A Financial and Commercial 

Survey 8vo, 

Leask, A. R. Breakdowns at Sea zamo, 

Refrigerating Machinery zamo, 

Lecky, S. T. S. "Wrinkles’* in Practical Navigation 8vo, 


Le Douz, M. Ice-Making Machines. (Science Series No. 46.) . . z6mo, 

Leeds, C. C. Mechanical Drawing for Trade Schools oblong 4to, 

Mechanical Drawing for High and Vocational Schools 4to, 

Lefdvre, L. Architectural Pottery. Trans, by H. K. Bird and W. M. 

Biims 4to, 

Ldmer, S. Ink Manufacture. Trans, by A. Morris and H. Robson . 8vo, 

Lemstrom, S. Electricity in Agriculture and Horticulture 8vo, 

Letts, E. A. Fundamental Problems in Chemistry 8vo, 

Le Van, W. B. Steam-Engine Indicator. (Science Series No. 78.}z6mo, 
Lewes, V. B. Liquid and Gaseous Fuels. (Westminster Series.) . .8vo, 

Carboniution of Coal T, 8vo, 

Lewis, L. P. Railway Signal Engineering 8vo, 

Lewis Automatic Machine Rifle; Operation of.- x6mo. 

Licks, H. E. Recreations in Mathematics lamo, 

UebW, B. F, Liebez*s Five Letter Standard Telegraphic Code...8vo, 


— — €!o(te« German Edition 8vo, 

Spanieh Edition 8vo, 

French Edition 8vo, 

Terminal Index 8vo, 

Lieber*s Appendix folio, 

Handy Tables 4to, 

Bankers and Stockbrokers* Code and Merchants and Shippers* 

Blank Tables 8vo, 

zoo,ooo,ooo Combination Code 8vo, 

En^eeting Code 8vo, 

Uvermore, V. P., and Vniliams, J. How to Become a Competent Motor- 

man zamo, 

Livingstone, R. Design and Cozwtruction of Commutators 8vo, 

Mechanical Design and Construction of Generators 8vo, 

Lloyd, S. L. Fertiliser Materials (/m Press.') 

Lobbeii,P. Machinists* and Draftsmen’s Handbook 8vo, 


Lodcwood, T. D. Electrlelty, Ibignetism, and Electro-tOl^pMph 8vo^ 

—— Electrical Measurement and the Galvanometer lamo. 


*3 00 
3 00 
• *z 25 
o 50 

'*3 00 

o 50 
•4 50 
*6 00 
*3 50 

2 00 
2 00 

2 00 
10 00 

o 50 
*2 00 
*I 25 

*7 50 
*3 50 
*z 50 

*3 00 

o 50 

*3 00 

*3 00 
*3 50 
*0 75 
25 

*xo 00 
'^XO 09 
'XO JO 

'10 00 

*2 SO 

'15 00 
•2 50 

XS 00 
xo 60 

'X 2 50 

00 
*2 25 
*3 50 

3 so 
3 50 

o 74 
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Lodge, O. J. Elemental^ Mechanics zamo, t 50 

— < — Signalling Across Space without Wires 8vo, *a 00 

Loewenstein, L. C., and Crissey, C. P. Centrifugal Pumps '*4 50 

Lomax, J. W. Cotton Spinning lamo, 1 50 

Lord, R. T. Decorative and Fancy Fabrics 8vo, *'3 80 

Loring, A. B. A Handbook of the Electromagnetic Telegraph z6mo o 50 

Handbook. (Science Series No. 39.) z6m, o 50O 

Lovell, D. H. Practical Switchwork lamo, *i 00 

Low, D. A. Applied Mechanics (Elementary) z6mb, o 80 

Lubschez, B. J. Perspective xamo, 50 

Lucke, C. E. Gas Engine Design 8vo, *3 00 

Power Plants: Design, Efficiency, and Power Costs, a vols. 

(In Preparation.) 

Luckiesh, M. Color and Its Application 8vo, *3 00 

Light and Shade and Their Applications 8vo, ** 50 

Lunge, G. Coal-tar and Ammonia. Three Volumes 8vo, '''ao 00 

Technical Gas Analysis 8vo, ’"4 00 

Manufacture of Sulphuric Acid and Alkali. Four Volumes. . . .8vo, 

Vol. 1 . Sulphuric Add. In three parts *z8 00 

Vol. I. Supplement 8vo, 5 00 

Vol. n. Salt Cake, Hydrochloric Acid and Leblanc Soda. In two 

parts (In Pre.fs.) 

Vol. III. Ammonia Soda (In Press.) 

Vol. IV. Electrolytic Methods (In Press.) 

Technical Chemists’ Handbook zzmo, leather, *3 50 

Technical Methods of Chemical Analysis. Trans, by C. A. Keane 

in collaboration with the corps of spedalists. 

Vol. I. In two parts 8vo, *15 00 

Voi. n. In two parts 8vo, *z8 00 

Vol. III. In two parts 8vo, ’"18 00 

The set (3 vols.) complete *50 00 

Luquer, L. M. Minerals in Rock Sections 8vo, "'z 50 

Macewen, H. A. Food Inspection 8vo, 50 

Mackenzie, N. F. Notes on Irrigation Works 8vo, *250 

Mackie, J. How to Make a Woolen Mill Pay 8vo, *3 00 

Maguire, Wm. R. Domestic Sanitary Drainage and Plumbing . . . .8vo, 4 00 

Malcolm, C. W. Textbook on Graphic Statics 8vo, ’*'3 00 

Malcolm, H. W. Submarine Telegraph Cable (In Press.) 

Mallet, A. Compound Engines. Trans, by R. R. Buel. (Science Series 

No. zo.) z6mo, 

Mansfield, A. N. Electro-magnets. (Sdence Series No. 64.) . . . z6mo, o 50 
Marks, E. C. R. Construction of Cranes and Lifting Machinery . zamo, '"z 50 

Construction and Working of Pumps zamo, 

Manufacture of Iron and Steel Tubes zamo, "'a 00 

Mechanical Engineering Materials zamo, *x 00 

Marks, G. C. Hydraulic Power Engineering 8vo, 3 50 

Inventions, Patents and Designs zamo, 00 

Marlow, T. G. Drying Machinsry and Practice 8vo, 00 
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Mafah^C. F. Concise Treatise on Reinforced Concrete 8vo» *2 50 

— — Reinforced Concrete Compression Member Diagram. Mounted on 

Cloth Boards . 50 


Marshy C. P., and Dunn, W. Manual of Reinforced Concrete and Con- 
crete Block Construction i 6 mo, fabrikoid (/m Press.) 

Marshall, W. J.y and Sankeyy H. R. Gas Engines. (Westminster Series.) 

8 vo, *'3 00 

Martin, G. Triumphs and Wonders of Modem Chemistry 8 vo, "a 00 

Modem Chemistry and Its Wonders Svo, ’*‘2 00 

Martin, N. Properties and Design of Reinforced Concrete xamo, . "'a 50 

Martin, W. D. Hints to Engineers lamo, *1 50 

Massie, W. W., and Underhill, C. R. Wireless Telegraphy and Telephony. 

xamo, *x 00 

Mathot, R. E. Internal Combustion Engines 8vo, "'4 00 


Maurice, W. Electric Blasting Apparatus and Explosives 8 vo, *3 S® 

— Shot Firer's Guide 8 vo, *1 go 

* Maxwell, F. Sulphitation in White Sugar Manufacture xamo, 3 00 

Maxwell, J. C. Matter and Motion. (Science Series No. 36.). 

x6mo, o 50 

Maxwell, W. H., and Brown, J. T. Encyclopedia of Municipal and Sani- 
tary Engineering 4to, *xo 00 

Mayer, A. M. Lecture Notes on Physics 8vo, a 00 

Mayer, C., and Slippy, J. C. Telephone Line Constmction 8vo, *3 00 

McCullough, E. Practical Surveying xamo, *2 00 

, Engineering Work in Cities and Towns 8vo, ’"3 00 

Reinforced Concrete xamo, "'x 50 

McCullough, R. S. Mechanical Theory of Heat 8vo, 350 

McGibbon, W. C. Indicator Diagrams for Marine Engineers 8vo, ”'3 50 

Marine Engineers’ Drawing Book oblong 4to, "'a 50 

McGibbon, W. C. Maxine Engineers Pocketbook xamo,^ *4 00 

McBitosh, J. G. Technology of Sugar 8vo, *5 oo 

Industrial Alcohol 8vo, *3 00 


Manufacture of Varnishes and Kindred Industries. Three Volumes. 


8vo. 

Vol. I. Oil Cmshing, Refining and Boilii^ *3 go 

Vol. n. Varnish Materials and Oil Varnish Making '*'4 00 

Vol. in. Spirit Varnishes and Materials *4 go 

McKay, C. W. Fundamental Principles of the Telephone Business. 

8vo. (/« Press.) 

McKillop, M., and McKillop, A. D. Efficiency Methods xamo, x 50 

McKnig^t, J. D., and Brown, A. W. Marine Multitubular Boilers *x go 

McMaster, J. B. Bridge and Tuimel Centres. (Science Series No. ao.) 

x6mo, o go 

McMechen, F. L. Tests for Ores, Minerals and Metals xamo, ^x 00 

McPherson, J. A. Water-works Distribution 8vo, ago 

Meade, A. Modem Gas Works Practice 8vo, *7 50 

Meade, Alwyne. Modern Gas Works Practice 8vo, 7 50 

Meade, R. K. Design and Equipment of Small Chemical Laboratories, 

8vo, 

Melick, C. W. Dairy Laboratory Guide xamo, *x ag 

Mensch, L. J. Reinforced Concrete Pocket Book x6mo, leather, *4 00 

Merck, E. Chemical Reagents; Their Purity a;nd Tests. Trans, by 

H. B. Schenck - 8vo, z 00 



20 D. VAN NOSTRAND CO/S SHORT TITLE CATALOG 


MerivalSy J. H. Notes and Ponnulae for Mining Students lamo, 

Merritt, Wm. H. Field Testiiv for Gold and Silver t6mo, leaSier, 

Mertens. Tactics and Technique of River Crossings. Translated by 

W. Kruger 8vo, 

Mierzlnski, S. Waterproofing of Fabrics. Trans, by A. Morris and B. 

Robson 8vo, 

Miessner, B. F. Radio Dynamics xamo. 

Miller, G. A. Determinants. (Science Series No 105.) i6mo. 

Miller, W. J. Introduction to Historical Geology lamo, 

Milroy, M. E. W. Home Lace-making xamo, 

Mills, C. N. Elementary Mechanics for Engineers 8vo, 


MitdieU, C. A. Mineral and Aerated Waters 8vo, 

Mitchell, C. A., and Prideauz, R. M. Fibres Used in Textile and Allied 

Industries 8vo, 

Mitchell, C. F., and G. A. Building Construction and Drawing, xamo. 

Elementary Course 

Advanced Course 

Monckton, C. C. P. Radiotelegraphy. (Westminster Series.) 8vo, 

Monteverde, R. D. Vest Pocket Glossary of Eng li ah -S poniah , .Spanish- 

English Technical Terms 64mo, leather, 

Montgomery, J, H. Electric Wiring Specifications i6mo, 

Moore, £. C. S. New Tables for the Complete Solution of Ganguillet and 

Kutter’s Formula 8vo, 

Morecroft, J. H., and Hehre, F. W. Short Course in Electrical Testing. 

8vo, 

Morgan, A. P. Wireless Telegraph Apparatus for Amateurs . ... xamo, 

Moses, A. J. The Characters of Crystals 8vo, 

and Parsons, C. L. Elements of Mineralogy 8vo, 

Moss, S. A. Elements of^as Engine Design. (Science Series No.iax.)i 6mo, 

The Lay-out of Corliss Valve Gears. (Science Series No. 1 19.) i6mo, 

Mulford, A. C. Boundaries and xaino, 

MuUin, J. P. Modem Moulding and Pattern-making xamo, 

Munby, A. E. Chemistry and Physics of Building Materials. (West- 
minster Series.) 8vo, 

Murphy, J. G. Practical Mining z6mo, 

Murray, J. A. Soils and Manures. (Westminster Series.) .8vo, 


X 50 

X 50 

3 SO 

*a 50 
♦2 00 

*a 00 
♦x 00 
*x 00 
•3 00 

■^3 00 

•i 50 
•♦a 50 
*a 00 

*1 00 
♦x 00 

"■S 00 

•i 50 
*1 50 
*a 00 
”‘3 00 
o 50 

0 50 
*i 00 

a 50 

*a 00 

1 00 
•a 00 


Nasmith, J. The Student’s Cotton Spinning 8vo, 

Recent Cotton Mill Construction xamo, 

Neave, G. B., and Heilbron, I. M. Identification of Organic Compounds. 

xamo, 

Neilson, R. M. Aeroplane Patents 8vo, 

Nerz, F. Searchlights. Trans, by C. Rodgers 8vo, 

Neuberger, H., and Noalhat, H. Technology of Petroleum. Trans, by 

J. G. McIntosh 8vo, 

Newell, J. W. Drawing, ISIaing and Cutting Bevel-gears 8vo, 

Newell, F. H., and Draper, C. E. Engineering as a Career, .xamo, cloth, 

Newbeging, T. Handbook for Gas Engineers and Managers. .. 

Nicol, G. Ship Construction aud Calculations 8ve, 

Nipher, F. E. Theory of Magnetic Measurements lamo. 


3 00 
a 50 


*a 00 
•3 00 

*xo 00 
X 50 
•x 00 
o 75 
*6 50 
*5 00 

X oo 
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-NitbAty R. Gramnuur of Textile Design BvOt 

' 1 lblra> H. -The Telescope. (Science Series No. 51.) s6mo, o 50 

Norie^ J. W. Epitome of Navigation octavo, 8 00 

A Complete Set of Nautical Tables with Explanations of Their 

Nee octavo, 6 50 

Nortb, H. B. Laboratory Experiments in General Chemistry xamo, ’"t 00 

Nugent, B. Treatise on Optics zamo, z 50 


•O’Connor, H. The Gas ^igineer’s Pocketbook zamo, leather, 3 50 

Ohm, G. S., and»Lockwood, D. Galvanic Circuit. Translated by 

William Francis. (Srience Series No. zoa.) x6mo, o 50 

Olsen, J. C. Text-book of Quantitative Chemical Analysis 8vo, 3 50 

'Olsson, A. Motor Control, in Turret Turning and Gun Elevating. (XT. S. 

Navy Electrical Series, No. z.) xamo, paper, *0 

Ormsby, M. T. M. Surveying xamo, i 

■Oudin, M. A. Standard Pol^haae Apparatus and Systems 8vo, *3 

Owen, D. Recent Physical Research 8vo, 


.iPakes, W. C. C., and Nankivell, A. T. The Science of Hygiene . .8vo, *z 
Palaz, A. Industrial Photometzy. Trans, by G. W. Patterson, Jr. . 8vo, *4 


Pamely, C. Colliery Maiuger’s Handbook 8vo, "'zo 

Parker, P. A. M. The Control of Water 8vo, ’“5 


Parr, G. D. A. Electrical Engineering Measuring Instruments 8vo, "‘3 

Parry, £. J. Chemistry of Essential Oils and Artificial Perfumes, 

(In Press.) 

Foods and Drugs. Two Volumes. 

Vol. I. Chemical and Microscopical Analysis of Foods and Drugs. ’*'7 


Vol. n. Sale of Food and Drugs Act *3 

and Coste, J..H. Chemistry of Pigments 8vo, ’"4 

Parry, L. Notes on Alloys 8vo, *3 

Metalliferous Wastes 8 vo, *3 

Analysis of Ashes and Alloys 8vo, *3 

Parry, L. A. Risk and Dangers of Various Occupations 8vo, *3 

Parshall, H. F., and Hobart, H. M. Armature Windings 4to, *7 

Electric Railway Engineering 4to, *xo 

Parsons, J. L. Land Drainage 8vo, '"x 

Parsons, S. J. Malleable Cast Iron 8 vo, *3 

Partington, J. R. Hi^er Mathematics for Chemical Students, .zamo, *a 

Textbook of Thermodynamics 8vo, *4 

Passmore, A. C. Technical Terms Used in Architecture 8vo, *3 

Patchell, W. H. Electric Power in Mines 8vo, *4 

Paterson, G. W. L. Wiring Calculations. . ; zamo, *a 

Electric Mine Signalling Installations xamo, 

Patterson, D. The Color Printing of Carpet Yarns 8vo, *3 

Color Matching on Textiles 8vo, *3 

Textile Color Mixing 8vo, *3 

Paulding, C. P. Condensation of Steam in Covered and Bare Pipes. .8vo, *a 

— — Transmission of Heat through Cold-storage Insulation zamo, *x 

Payne, D. W. Iron Pounders’ Handbook 8vo, *4 

Peckham, S. F. Solid Bitumens 8vo, *5 

Peddle, R. A. Bngineeting and Metallurgical Books zamo, *x 

Peirce, B. System of Aiwlytie Mechanics 4to, zo 

Linnear Associative Algebra 4to, 3 

Pendred, V. The Railway Locomotive. (Westminster Series.) 8 vo, *3 
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Perldn, F. M. Pnetieal Methods of laoixeale Chemistty iMu^ 

Pmin, J. Atomt 8oo» '*‘0 5^ 

and Jaggery B. M. JUwneatary Chemiatry sami^ "‘jc do 

Porrinoy ,P. A. C. Cooducton for Blectrical Distribution Boo, *3 90 

Petit, O. White Lead and Zinc White Faints 8vo, 50^ 

Petit, R* How to Build an Aeroplane. Anns, by T. 0*B. Hubbard, and 

J. H. Ledeboer Svo, *x so- 

Pettit, Lieut. J. S. Graphic Processes. (Science Series Ho. 76.) . . . i6mo, o 50- 
Philbrick, P. H. Beams and Girders, (teience Series Ho. 88.) . . . z6mo, 

Phillips, J. Gold Assaying t 8 to, *3 5a 

Dangerous Goods 8vo, 3 50 ' 

Phin, J. Seven Follies of Science zamo, *z 35 

Pickworth, C. H. The Indicator Handbook. Two Volumes . zamo, each, z 50 

^ LogariGuns for Beginners zamo. boards, ' o 50 

The Slide Rule zamo, z oo 

Plattner*s tSamiai of Blow>pipe Anal3r8is. Eighth Edition, revised. Trans. 

by H. B. Cornwall 8vo,. *4 oO' 

Plympton, G. W. The Aneroid Barometer. (Science Series Ho. 35.) z6mo, o 50 

How to become an Engineer. (Science Series Ho. zoo.) z6mo, o 50* 

Van Hostrand'a Table Book, (lienee Series Ho. X04.) z6ino, o 50 

Pocket, M. L. Steam Injectors. Translated from the French. (Science 

Series Ho. ap.) x6mo, o 50- 

Pocket Logarithms to Four Places. (Science Series Ho. 65.) x6mo, 050 

leather, z 00 

PoUeyn, F. Dressings and Finishings for Textile Fabrics. Svo, *3 00 

Pope, F. G. Organic Chemistry lamo, a 50 

Pope, F. L. Modern Practice of the Electric Telegraph Svo, z 50 

Popplewell, W. C. Prevention of Smoke Svo, *3 5a 

Strength of Materials Svo, *x 75 

Porritt, B. D. The Chemistry of Rubber. (Chemical Monographs, 

No. 3.) lamo, '"i 00. 

Porter, J. R. Helicopter Flying Machine lamo, x 50 

Potts, H. £. Chemistry of tiie Rubber Industry. (Outliues of Indus- 
trial Chemistry) Svo, ♦2 50 

Practical Compounding of Oils, Tallow and Grease Svo, *3 50 

Pratt, K. Boiler Draught zamo, *z aS 

High Speed Steam Engines Svo, ’*‘2 00 

Pray, T., Jr. Twenty Years with the Indicator Svo, 250 

Steam Tables and Engine Constant Svo, a 00 

Prelini, C. Earth and Rock Excavation Svo, *3 00 

Graphical Determination of Earth Slopes Svo, *a 00 

— — Tunneling. New Edition Svo, *3 00 

— Dredging. A Practical Treatise Svo, *3 00 

Prescott, A. B. Organic Analysis Svo, 5 00 


Prescott, A. B., and Johnson, O. C. Qualitative Chemical Aiuilysis. . .Svo, *^3 50 
Prescott, A. B., and Sullivan, E. C. First Book in Qualitative Chemistry. 

zamo, *x 50 

Svo^ *a 00 

(/n Press.) 

zamo, *» 00 


Prideaux, B. B. R. Problems In Phjvlcal Chemlstiy 
Primrose, G. S. C. Zinc. (Metallurgy Series.) . . . . 
Piince, G. T. Flow of Water 
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Application of Graphic Mathoda to tho Deaign of 

' -Stmctona. lamoi 

Ittlwtorat Theory, Conatruction and Working zamo, 

~>^>»ladicator Diagrama 8vo, 

V-: — Bagine Teating 8vo, 

Patsch, A. Oaa and CoaMuat Fifing 8vo, 

pynehon, T. R. Introduction to "{Chemical ]niyaica 8vo, 

I 

Rafter O. W. Mechanica of Ventilation. (Sdence Seriea No. 33.) . z6mo, 

-—Potable Water. (Science Seriea No. 103.) * z6mo, 

• Treatment of Septic Sewage. (Science Seriea No. xx8.). ..zdmo. 

Rafter, G. W., and Baker, M. N. Sewage Diapoaal in the United Statea. 

4to, 

Raikea, H. P. Sewage Diapoaal Worka 8ro, 

Randau, P. Enamela and Enamelling. 8vo, 

Rankine, W. J. M. Applied Mechanica 8vo, 

— Civil Engineering 8vo, 

Machinery and Millwork 8vo, 

The Steam-engine and Other Prime Movera 8vo, 

Rankine, W. J. M., and Bamber, E. F. A Mechanical Text-book. . . .8vo, 

Ranaome, W. R. Freahman Mathematica xamo, 

Raphael, F. C. Localization of Faults in Electric Light and Power Mains. 

8vo, 

Raach, E. Electric Arc Phenomena. Trans, by K. Tomberg 8vo, 

Rathbone, R. L. B. Simple Jewellery 8vo, 

Rateau, A. Flow of Steam through Nozzles and Orifices. Trans, by H. 

B. Brydon 8vo 

Rausenberger, F. The Theory <A the Recoil of Guns 8vo, 

Rautenstrauch, W. Notes on the Elements of Machine Design.Svo, boards, 
Rautenstrauch, W., and Williams, J. T. Machine Drafting and Empirical 
Design. 

Part I. Machine Drafting 8vo, 

Part n. Empirical Design {In PreparaUon.) 

Raymond, E. B. Alternating Current Engineering zzmo, 

Rayner, H. Silk Throwing and Waste SiUc Spinning 8vo, 

Recipes for the Color, Paint, Varnish, Oil, Soap and 'Drysaltery Trades . 8vo, 

Recipes for Flint Glass Making zamo, 

Redfera, J. B., and Savin, J. Bells, Telephones (Installation Manuals 

Series.) z6mo, 

Redgrove, H. S. Experimental Mensuration xamo. 

Redwood, B. Petroleum. (Science Series Ho. 92.) z6mo, 

Reed, S. Turbines Applied to Marine Propulsion 

Reed's Engineers' Handbook 8vo, 

——Key to the Nineteenth Edition of Reed’s Engineers* Handbook. .8vo, 

— Useful Hints to Sea-going Engineers xamo, 

Reid,. B. B. Introduction to Research in Organic Chemistry. {In Press.") 

Reid, H. A. Concrete and Reinforced Concrete Construction 8vo, 

Reinhardt, C. W. Lettering for Draftsmen, Engineers, and Students. 

oblong 4to, boards. 
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•2 

♦x 

♦a 

*4 

•3 

3 

o 

o 

o 

*6 

*4 

*4 

5 

6 

5 

S 

3 


•I 

*2 


9 
4 

3 

"5 00 
z 00 
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Reinhardt, C. W. The Technic of Mechanical Drafting, 

oblong, 4to, boards, *x oo 

Reiser, F. Hardening and Tempering of SteeL l^ans. by A. Morris and 

H. Robson ramo, *350 

Reiser, R. Faults in the Manufacture of Woolen Goods. Trans, by A. 

Morris and H. Robson 8 to, *2 

Spinning and Weaving Calculations Svo, *s 

Renwick, W. G. Marble and Marble Working Svo, 5 

Reuleatur, P. The Constructor. Trans, by H. H. Suplee 4to, *4 

Reuterdahl, A. Theory and Design of Reinforced Concrete Arches. Svo, *2 

Rey, Jean. The Range of Electric Searchlight Projectors Svo, ”‘4 

Reynolds, O., and Idell, F. E. Triple Expansion Engines. (Science 

Series No. gp.) x6mo, o 

Rhead, G. F. Simple Structural Woodwork izmo, ‘''x 

Rhodes, H. J. Art of Lithography Svo, 3 

Rice, J. M., and Johnson, W. W. A New Method of Obtaining the Differ- 
ential of Functions xamo, o 

Richards, W. A. Forging of Iron and Steel xamo, x 

Richards, W. A., and North, H. B. Manual of Cement Testing. . . . xamo, 

Richardson, J. The Modern Steam Engine Svo, *3 

Richardson, S. S. Magnetism and Electricity xamo, *3 

Rideal, S. Glue and Glue Testing Svo, *4 

Riesenbeig, F. The Men on Deck xamo, 3 

Rimmer, E. J. Boiler Explosions, Collapses and Mishaps Svo, 

Rings, F. Concrete in Theory and Practice xamo, *2 

Reinforced Concrete Bridges 4to, *5 

Ripper, W. Course of Instruction in Machine Drawing folio, *6 

Roberts, F. C. Figure of the Earth. (Science Series No. 79.) x6mo, o 

Roberts, J., Jr. Laboratory Work in Electrical Engineering Svo, *2 

Robertson, L. S. Water-tube Boilers Svo, a 

Robinson, J. B. Architectural Composition Svo, "'a 

Robinson, S. W. Practical Treatise on the Teeth of Wheels. (Science 

Series No. 24.) x6mo, o 

— — Railroad Economics. (Science Series Ho. 59.) x6mo, o 

— ' — Wrought Iron Bridge Members. (Science Series No. 60.) x6mo, o 

Robson, J. H. Machine Drawing and Sketching Svo, *2 

Roebling, J. A. Long and Shcrt Span Railway Bridges folio, 35 

Rogers, A. A Laboratory Guide of Industrial Chemistry Svo, 2 

Elements of Industrial Chemistry xamo, ’"3 

Manual of Industrial Chemistry Svo, *5 

Rogers, F. Magnetismof Iron Vessels. (Science Series No. 30.) . x6mo, o 
Rohland, P. Colloidal and Crystalloidal State of Matter. Trans, by 

W. J. Britland and H. E. Potts xamo, *1 

RoUinson, C. Alphabets Oblong, xamo, *x 

Rose, J. The Pattern-makers* Assistant Svo, a 

— — Key to Engines and Engine-running xamo, a 

Rose, T. K. The Precious Metals. (Westminster Series.) Svo, *2 

Rosenhain, W. Glass Manufacture. (Westmiiutmr Series.) Svo. *a 

Physical Metallurgy, An Introduction to. (Metallurgy lories.) 

8vo, ♦3 

Roth, W. A. Physical Chemistry Svo, *2 
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^ovjui» F. J. Practical Physics of the Modem Steam-boiler SYOf ^3 00 

■ " ' and Idellf F. E. Boiler Incrustation and Corrosion. (Science 

Series Ho. 27.) ...x6mo, o 

Sombursh, W. General Foundry Practice. (Westminster Series.) .8to, *» 
Ruhmor, B. V^less Telephony. Trans, by J. BrsUno-Murray. .8vo, *3 

Russdlt A Theory of Electric Cables and Networks 8vo, *3 

Rutley, F. Elements of Mineralogy tamo, '*z 


Sanford, P. G. Hitro-explosive Svo, *4 

Saunders, C. H. Handbook of Practical MeOhanics z6mo, z 

leather, x 

Sayers, H. M. Brakes for Tram Cars 8vo, *z 

Sdxeele, C. W. Chemical Essays 8vo, *2 

Scheithauer, W. Shale Oils and Tars 8to, *3 

Scherer, R. Casein. Trans, by C. Salter 8to, *3 

Schidrowitz, P. Rubber, Its Production and Industrial Uses 8vo, *5 

Schindler, K. Iron and Steel Construction Works lamo, 

Schmall, C. N. First Course in Anal3rtic Geometry, Plane and Solid. 

lamo, half leather, "'x 

Schmeer, L. Flow of Water 8vo, *3 


Schumann, F. A Manual of Heating and Ventilation. . . .xamo, leather, 

Schwarz, E. H. L. Causal Geology 8vo, 

Schweizer, V. Distillation of Resins 8vo, 

Scott, V/. W. Qualitative Analysis. A Laboratory Manual. New 

Edition (In Press.) 

Standard Methods of Chemical Analysis 8vo, 

Scribner, J. M. Engineers’ and Mechanics’ Companion. .i6mo, leathm:, 
Scudder, H. Electrical Conductivity and Ionization Constants of 

Organic Compounds 8vo, 

Searle, A. B. Modem Brickmaking 8vo, 

Cement, Concrete and Bricks 8vo, 

Searle, G. M. **Sumner8’ Method.” Condensed and Improved. 

(Science Series No. xi4.) i6mo, 

Seaton, A. E. Manual of Marine Engineering 8vo 

Seaton, A. E., and Rounthwaite, H. M. Pocket-book of Marine Engi- 
neering x6mo, leather, 

Seeligmann, T., Torrilhon, G. L., and Falconnet, H. India Rubber and 

Gutta Percha. Trans, by J. G. McIntosh 8vo, 

Seidell, A. Solubilities of Inorganic and Organic Substances. .. .8vo, 

Seligman, R. Aluminum. (Metallurgy Series.) (In Press.) 

Sellew, W. H. Steel Rails 4to, 

Railway Maintenance Engineering xamo, 

Senter, G. Outlines of Physical Chemistry xamo, 

Texrt-boOk of Inorganic Chemis^ xamo. 

Sever, G. F. Electric Enginoering iSzperiments 8vo, boarda, 

Sever, G. F., and Townsend, F. Laboratory and Factory Tests in Elec- 
trical Engineezlng 8vo, 

Sewall, C. H. Wireless Telegraphy 8vo, 

Lessons in Telegraphy xamo. 


X 

*a 


*6 


*3 

*5 


o 

8 


*5 

3 

'‘10 

♦a 

♦a 


*a 

♦a 

*x 
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Sewell, T. The Constructioti of Dsnuiinos 

Sexton, A. H. Fuel and Refractory Materiala samo^ 

Chemietry of the Materiala of Bi^^ineering tamo, 

Alloys (Non-Ferrous) 8vo, 

Sexton, A. H., and Primrose, J. S. G. The Metallurgy of Iron and Steel. 

Svo, 

Seymour, A. Modern Printing Inks.. 8vo, 


Shaw, Henry S. H. Mechanical Integrators. (Science Series No. 83.) 

i6mo. 


Shaw, S. History of the Staffordshire Potteries 8vo, 

Chemistry of Compounds Used in Porcelain Manufacture. .. .8to, 

Shaw, T. R. Driving of Machine Tools zamo, 

Precision Grinding Machines lamo, 

Shaw, W. N. Forecasting Weather 8vo, 

Sheldon, S., and Hausmann, £. Direct Current Machines lamo, 

Alternating Current Machines lamo, 

Sheldon, S., and Hausmann, £. Electric Traction and Transmission 

Engineering xamo,' 

Physical Laboratory Experiments, for Engineering Students. .8vo, 

Shields, J. E. Notes on Engineering Construction lamo, 

Shreve, S. H. Strength of Bridges and Roofs 8vo, 

Shunk, W. F. The Field Engineer zamo, fabrikoid, 

Simmons, W. H., and Appleton, H. A. Handbook of Soap Manufacture, 

8vo, 

Simmons, W. H., and Mitchell, C. A. Edible Fats and Oils 8vo, 

Simpson, G. The Naval Constructor xamo, fabrikoid, 

Simpson, W. Foundations 8vo. (/n Press.) 


Sinclair, A. Development of the Locomotive Engine. . . 8vo, half leather, 
Sindall, R. W. Manufacture of Paper. (Westminster Series.) 8vo, 

Sindall, R. W., and Bacon, W. N. The Testing of Wood Pulp 8vo, 


Sloane, T. O’C. Elementary Electrical Calculations zamo, 

Smallwood, J. C. Mechanical Laboratory Methods. (Van 

Textbooks.) xamo, fabrikoid. 


Smidi, C. A. M. Handbook of Testing, MATERIALS 8vo, . 

Smith, C. A. M., and Warren, A. G. New Steam Tables 8vo, 

Smith, C. F. tactical Alternating Currents and Testing 8vo, 

Practical Testing of Dynamos and Motors 8vo, 

Smith, F. A. Railway Curves xamo, 

Standard Turnouts on American Railroads ..xamo, 

Maintenance of Way Standards zamo. 

Smith, F. E. Handbook of General Instruction for Mechanics . . . xamo. 

Smith, H. G. Minerals and the Microscope xamo, 

Smith, J. C. Manufacture of Paint 8vo, 

Smith, R. H. Principles of Machine Work zamo, 

Advanced Machine Work xamo. 

Smith, W. Chemistry of Hat Manufacturing xamo, 

Snell, A. T. Electric Motive Power 8vo, 

Snow, W. G. Pocketbook of Steam Heating and Ventilation, (/n Press.) 
Snow, W. G., and Nolan, T. Ventilation of Buildings. (Science Series 

No. 5.) z6mo, 

Soddy, F. Radioactivity 8vo, 
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W* Electric Lamps. (Westminster Series.) 8vO( ‘a 

S<rtnerseales,_ A. N. Mechanics for Ifarine Engineers zsmo^ *a 

— M6c l ui i i ic al and Marine Engineering Science 8vOp *5 

'Sothem, J. W. The Marine Steam Turbine Svo, *6 

— — — Vefbal Notes and Sketches for Marine Engineers 8vo, *9 

Sothern, J. W., and Sothem, R. M. Elementary Mathematics for 

Marine Engineers lamo, *i 

'—Simple Problems in Marine Engineering Design lamo, 

Southcombe, J. E. Chemistry of tire Oil Industries. (Outlines of In- 
dustrial Chemistry.) 8vo, *3 

Sozfaiet, D. H. Dyeing and Staining Marble. Trans, by A. Morris and 

H. Robson 8vo, *z 

Spangenburg, L. Fatigue of Metals. Translated by S. H. Shrove. 

(Science Series No. 23.) i6mo, o 

Specht, G. J., Hardy, A. S., McMaster, J. B., and Walling. Topographical 

Surveying. (Science Series No. 73.) x6mo, o 

Spencer, A. S. Design of Steel-Framed Sheds 8vo, *3 

' Speyertf, C. L. Text-book of Physical Chemistry 8vo, "‘i 

Spiegel, L. Chemical Constitution and Physiological Action. ( Trans. 

by C. Luedeking and A. C. Boylston.) lamo, '"i 

Sprague, E. H. Hydraulics zamo, i 

Elements of Graphic Statics 8vo, a 

Stability of Masonry lamo, i 

Elementary Mathematics for Engineers lamo, ’"z 

Stability of Arches lamo, i 

Strength of Structural Elements zamo, z 

Stahl, A. W. Transmission of Power. (Science Series No. 38.) . z6mo, 

Stahl, A. W., and Woods, A. T. Elementary Mechanism zamo, *a 

Staley, C., and Pierson, G. S. The Separate System of Sewerage. . .8vo, *3 

Standage, H. C. Leatherworkers’ Manual 8vo, *3 

Sealing Waxes, Wafers, and Other Adhesives 8 vo, *3 

Agglutinants of all Kinds for all Purposes zamo, *3 

Stanley, H. Practical Applied Physics {In Press.) 

Stansbie, J. H. Iron and Steel. (Westminster* Series.) 8vo, *z 

Steadman, F. M. Unit Photography zamo, *a 

Stecher, G. E. Cork. Its Origin and Industrial Uses zamo, z 

Steinnuui, D. B. Suspension Bridges and Cantilevers. (Science Series 

No. zay.) o 

Melon’s Steel Arches and Suspension Bridges 8vo, *3 

Stevens, E. J. Field Telephones and Telegraphs z 

Stevens, H. P. Paper Mill Chemist z6mo, *a 

Stevens, J. S. Theory of Measurements zamo, "‘z 

Stevenson, J. L. Blast-Fumaco Calculations zamo, leather, *a 

Stewart, G. Modem Steam Traps zamo, *z 

Stiles, A. Tables for Field Engineers zamo, x 

Stodola, A. Steam Turbines. Trans, by L. C. Loewenstein 8vo, *5 

Stone, H. The Timbers of Commerce !...8vo, 3 

Stopes, M. Ancient Plants 8vo, *a 

The Study of Plant Life 8vo, *a 

Sudborou^, J. J., and James, T. C. Practical Organic Chemistry., zamo, *300 

Suffling, E. IL Treatise on tte Art of Glass Painting 8vo, *3 go 

Sullivan, T. V., and Underwood, N. Testing and Valuation of Build- 


ing and Engineering Materials {In Press.) 


S8 8 88 S; t % d* ' §§&§& 8 8 8 ^8 8 S 8 g g g 



28 D. VAN NOSTRAND CO.’S SHORT TITLE CATALbO 


SuT, F. J. S. Oil Prospecting and Extracting .,8ro, 

Svenaon, C. L. Hand1>ook on Piping 

Essentials of Drafting ^ . . . .SVOf 

Swan, K. Patents, Designs and Trade Marks. (Westminster Series.). 

8vo, 

Swintmme, J., Wordlngham, C. H., and Martin, T. C. Electric Currents. 

(^ence Series No. xog.) z6mo, 

Swoope, C. W. Lessons in Practical Electricily xamo. 


Tailfer, L. Bleaching Linen and Cotton Yam and Fabrics 8vo, 

Tate, J. S. Surcharged and Different Forms of Retaining-walls. (Science 


Series No. 7.) x6mo, 

Taylor, F. N. Small Water Supplies zamo, 

Masonry in Civil Engineering 8vo, 

Taylor, T. U. Surveyor's Handbook lamo, leather, 

Backbone of Perspective xamo, 

Taylor, W. P. Practical Cement Testing 8vo, 


Templeton, W. Practical Metihanic’s Workshop Companion. 


xamo, morocco, 

Tenney, E. H. Test Methods for Steam Power Plants. (Van 

Nostrand’s Textbooks.) zamo, 

Terry, H. L. India Rubber and its Manufacture. (W estminster Series. ) 


8vo, 

Thayer, H. R. Structural Design. 8vo. 

Vol. I. Elements of Structural Design 

Yol. IX. Design of Simple Structures 

Vol. m. Design of Advanced Structures (In 'Preparation.) 

Foundations and Masonry (/« Preparation.) 


Thiess, J. B., and Joy, G. A. Toll Telephone Practice 8vo, 

Thom, C., and Jones, W. H. Telegraphic Connections.. . .oblong, zamo, 

Thomas, C. W. Paper-makers* Handbook (In Press.) 

Thomas, J. B. Strength of Ships 8vo, 

Thompson, A. B. Oil Fields of Russia 4to, 

Oil Field Development .. .*. 

Thompson, S. P. Dynamo Electric Machines. (Science Series No. 75.) 

i6ino, 

Thompson, W. P. Handbook of Patent l4iw of All Countries z6mo, 

Thomson, G. Modem Sanitary Engineering zamo, 

Thomson, G. S* Milk and Cream Testixig xamo, 

Modem Sanitary Engineering, House Drainage, etc 8vo, 

Thomley, T. Cotton Combing Machines 8vo, 

Cotton Waste 8vo, 

Cotton Spinning. 8vo. 

First Year 

Second Year 

Third Year 

Thurso, J. W. Modem Turbine I^etice' 8vo, 


Tidy, C. Meymott. Treatment of Sewage. (Science Series No. 94.) x6mo, 
Tillmans, J. Water Purification and Sewage DiqiosaL Trans, by 

Hugh S. Taylor 8vo, 

Ttamey, W. H. Gold-mining Machinery 8vo, 

Tifiiezley, A. W. Laboratory Course of Organic Chemistry 8vo, 
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a. T. Indicators (/« Press.'^ 

Tochf M. CliM^try and Technology of Paints 8vo, 

Itateslals w Permanent Painting lamo, 

Tod, ' and McGibbon, W. C. Marine Engineers' Board of Trade 

Examinations 8vo, 

Todd, J., and Whall, W. B. Practical Seamanship 8vo, 

Tonge, J. Coal. (Westminster Series.) 8vo, 

Townsend, F. Alternating Current Engineering . 8vo, boards, 

Townsend, J. S. Ionisation of Gases by Collision 8vo, 


Transactions of the American Ir. titute of Chemical Engineers, 8vo. 

Eight volumes now ready. Vol. I. to IX., 1908-1916. Vol. 


X. In Press 8vo, each. 

Traverse Tables. (Science Series No. 1x5.} ■ .i6mo. 


morocco, 

Treiber, E. Foundry Machinery. Trans, by C. Salter ismo, 

Trinks, W., and Housum, C. Shaft Governors. (Science Series No. i as.) 

x6mo, 

Trowbri<^e, W. P. Turbine Wheels. (Science Series No. 44.) . . i6mo, 

Tucker, J. H. A Manual of Sugar Analysis 8vo, 

Tunner, P. A. Treatise on RoU-tuming. Trans, by J. B. Pearse. 

8vo, text and folio atlas, 
Turnbull, Jr., J., and Robinson, S. W. A Treatise on the Compound 

Steam-engine. (Science Series No. 8.) x6mo. 

Turner, H. Worsted Spinners' Handbook lamo. 


Turrill, S. M. Elementary Course in Perspective xamo, 

Twyford, H. B. Purchasing 8vo, 

Storing, Its Economic Aspects and Proper Methods 8vo, 

Tyrrell, H. G. Design and Construction of Mill Buildings 8vo, 

Concrete Bridges and Culverts x6mo, leather, 

Artistic Bridge Design 8vo, 


Underhill, C. R. Solenoids, Electromagnets and Electromagnetic Wind- 


ings xamo, 

Underwood, N., and Sullivan, T. V. Chemistry and Technology of 

Printing Inks . ! 8vo, 

Urquhart, J. W. Electro-plating lamo, 

Electrotyping xamo, 

Usbome, P. O. G. Design of Simple Steel Bridges 8vo, 


Vacher, F. Food Inspector's Handbook lamo. 

Van Nostrand's Chemfeal Annual. Fourth issue 19x8. .leather, xamo, 
Year Book of Mechanical Engineering Data (/n Press.) 

Van Wagenen, T. F. Manual of Hydraulic Mining x6mo, 

Vega, Baron Von. Logarithmic Tables 8vo, 

Vincent, C. Ammonia and its Compounds. Trans, by M. J. Salter . 8vo, 

Volk, C. Haulage and Winding Appliances 8vo, 

Von Georgievics, G. Chemical Technology of Textile Fibres. Trans. 

by C. Salter 8vo, 

Chemistry of Dyestuffs. Trans, by C. Salter 8vo, 

Vose, G. L. Graphic Method for Solving Certain Questions in Arithmetic 
and Algebra ■ (Science Series No. x6.) .*. . x6mo. 


29 


*4 00 
*a 00 

*a 00 
8 00 

*2 00 

'O 75 
*1 aj 


6 00 

0 50 
X 00 

1 50 

o so 
o 50 
3 50 

xo 00 


*a 00 
•x 25 
♦3 00 
3 00 
*4 00 
*3 00 
’•‘3 00 


*2 00 

*3 00 
a 00 
2 00 
*4 00 


*3 00 

I 00 
a 50 

*2 00 
*4 00 


*4 so 
o so 



30 D. VAN NOSTRAND CO/S SHORT TITLE CATA]^iSj 


Vounaer, A, Ozone 

Wabnor, R. Ventilation in BCines. Trane. Iqr C. Salter * 4 ^ 9 *^ 

Wtde» E. J. Secondary Batteries S*d, 

Wadmore, T. M. Elementary Chemical Theory zamo» flO* 

Wadsworth, C. Primary Battery lotion tamo, *o Sd' 

Wacner, E. Preserving Fruits, Vegetables, and Meat lamo, *a 5o< 

Wagner, J. B. A Treatise on the Natural and Arti6cial Processes of 

Wood Seasoning 8vo, 3 00 

Waldram, P. J. Principles of Structural Mechanics xamo, *3 00 

Walker, F. Aerial Navigation 8vo, 

Dynamo Building. (Science Series No. 98.) i6mo, o Ko 

Walker, J. Organic Chemistry for Students of Medicine 8vo, 50 

Walker, S. F. Steam Boilers, Engines and Turbines 8 vo, 3 00 

Refrigeration, Heating and Ventilation on Shipboard xamo, *3 oo' 

Electricity in Mining 8vo, *3 50 

Wallis-Tayler, A. J. Bearings and Lubrication 8vo, *1 50 

Aerial or Wue Ropeways 8vo, *3 oo- 

Preservation of Wood 8vo, 4 00 

Sugar Machinery xamo, ’■'a 50 

Walsh, J. J. Chemistry and Physics of Mining and Mine Ventilation, 

xamo, 00 

Wanklyn, J. A. Water Analysis xamo, a oa 

Wansbrough, W. D. The A B C of the Differential Calculus xamo, *x 50 

Slide Valves xamo, ”'3 oo- 

Waring, Jr., G. E. Sanitary Conditions. (Science Series No. 3X.) .x6mo, o 50- 

Sewerage and Land Drainage *6 00 

Modem Methods of Sewage Disposal xamo, a 00 

How to Drain a House xamo, x 35 

Warnes, A. R. Coal Tar Distillation 8vo, ’*'5 00 

Warren, F. D. Handbook on Reinforced Concrete xamo, 50 

Watkins, A. Photography. (Westminster Series.) 8 vo, *3 00 

Watson, E. P. Small Engines and Boilers xamo, x 35 

Watt, JL Electro-plating and Electro-refining of Metals 8vo, "'4 50- 

Electro-metallurgy xamo, x oo- 

The Art of Soap Making 8vo, 3 00 

Leather Manufacture 8vo, ’*‘4 oo- 

Paper-Making 8vo, 3 oo- 

Webb, H. L. Guide to the Testing of Insulated Wires and Cables, xamo, x 00 

Webber, W. H. T. Town Gas. (Westminster Series.) 8vo, *a 00- 

Wegmann, Edward.- Conveyance and Distribution of Water for 

Water Supply 8vo, 5 oa 

Weisbach, J. A Manual of Theoretical Mechanics 8vo, *6 oa 

sheep, 5a 

Weisbach, J., and Herrmann, G. Mechanics of Air Machinery 8vo, *3 75 

Wells, M. B. Steel Bridge Designing 8vo, *a 5a 

Weston, E. B. Loss of Head Due to Friction of Water in Pipes, .xamo, 50 

Wheatley, O. Ornamental Cement Work 8v<b *a oa 

Whipple, S. An Elementary and Practical Treatise on Bridge Bnildinff. 

8v<^ 3 oa 

White, C. H. Methods of Metallurgical Analysis. (Van Nostrand*a 

Textbooks.) lamOk 9 5a 



WUfe% ^ ' QnaliUtive Chemical Aaelyiie xamo, *z as 

Q. Topthed Gearing xamo, '*‘x as 

By J. MiUUry Balloons .Syo, 3 00 

M. CantilOYer Bridges. (Science Series No. as.;^ . . .x6mo, o so 

WBil» E, Steam Turbines. Trans, by C. Salter xamo, z so 

'•Gnnes and Hoists. Trans by C. Salter xamo, x 50 

WilkbBtson, H. D. Submarine Cable Lasring and Repairing 8vo, *6 00 

Williamson, J. Surveying 8vo, *3 00 

Williamson, R. S. On thr Use of the Barometer 4to, 15 00 

Practical Tables in Meteorology and Hypsometery 4to, a 50 

Wilson, F. J., and Heilbron, I. M. Chemical ThObry and Calculations. 

xamo, '"x 00 

Wilson, J. F. Essentials of Electrical Engineering Svo, a 50 

Wimperis, H. E. Internal Combustion Engine Svo, '*‘3 00 

Application of Power to Road Transport xamo, ’"x 50 

Pnmer of Internal Combustion Engine xamo, ‘'x 00 

Wincbell, N. H., and A. N. Elements of Optical Mineralogy Svo, *3 50 


Winslow, A. Stadia Surveying. (Science Series No. 77.) x6mo, o 50 

Wisser, Lieut. J. P. Explosive Materials. (Science Series No. 70.) 

x6mo, o so 

Wisser, Lieut. J. P. Modem Gun Cotton. (Science Series No. S9.) .x6mo, o 50 


Wolff, C. E. Modern Locomotive Practice Svo, *4 ao 

Wood, De V. Luminiferous Aether. (Science Series No. S5)...i6mo, o 50 
Wood, J. K. Chemistry of Dyeing. (Chemical Monographs No. a.) 

xamo, "'x 00 

Worden, E. C. The Nitrocellulose Industry. Two Volumes Svo, *xo 00 

Technology of Cellulose Esters. In xo volumes. Svo. 

/ol. VIII. Cellulose Acetate *5 00 

Wren, H. Organometallic Compounds of Zinc and Magnesium. (Chem> 

ical Monographs No. x.) xamo, *^i 00 

Wright, A. C. Analysis of Oils and Allied Substances Svo, *3 50 

Simple Method for Testing Painters* Materials Svo, ''2 30 

Wright, F. W. Design of a Condensing Plant xamo, ’"z 50 

Wright, H. E. Handy Book for Brewers Svo, *s 00 

Wright, J. Testing, Fault Finding, etc., for Wiremen. (Installation 

Manuals Series.) x6mo, *0 50 

Wright, T. W. Elements of Mechanics Svo, *a 50 

Wright, T. W., and Hayiord, J. F. Adjustment of Observations. ..Svo, "'3 00 
Wyime, W. E., and Sparagen, W. Handbook of Engineering Mathe- 
matics Svo, *a 00 

Yoder, J. H., and Wharen, G. B. Locomotive Valves and Valve Gears, 

Svo, *3 00 

Young, J. E. Electrical Testing for Telegraph Engineers Svo, *4 00 

Youngson. Slide Valve and Valve Gears Svo, a 50 

Zahner, R. Transmission of Power. (Science Series No. 4o.)..x6mo, 

Zeidler, J., and Lustgarten, J. Electric Arc Lamps Svo, *a 00 

Zeuner, A. Technical Thermodynamics. Trans, by J. F. Klein. Two 

Volumes 1 Svo, *8 00 

Zimmer, G. P. Mechanical Handling and Storing of Materials. . . .4t<s *ta 50 

‘ MMhanical Handling of Material and Its National Importance 

* puring and After the War 4to, 4 00 

Zipser, J. Textile Raw Materials. Trans, by C. Salter Svo, *5 00 

Zur Nedden, P. Engineering Workshop Machines and Processes. Trans. 

by J. A. Davenport Svo, *a 00 



D. Van Nostrand Company 


are prepared to supply, either from 
their complete stock or at 
short notice, 

Any Technical or 

Scientific Book 

In additioi^ to publishing a very large 
and varied number of Scientific and 
Engineering Books, D. Van Nostrand 
Company have on hand the largest 
assortment in the United States of such 
books issued by American and foreign 
publishers. 


All inquiries are cheerfully and care- 
fully answered and complete catalogs 
sent free on request. 


25 Park Place 


New York 






